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The  objective  of  this  study  is  to  investigate  the  impact  of  nutrients  on  consumers'  food 

choice.  Two  different  approaches  are  used  in  this  study.  The  first  approach  is  based  on  the 

traditional  utility  theory,  or  demand  theory.  In  this  approach,  nutrient  variables  are  assumed 

to  affect  consumers'  utilities,  which  in  turn  affect  food  quantities  consumed.  A  levels  version 

of  the  Rotterdam  model  for  a  sub-demand  system  is  derived  and  estimated.  The  second 

approach  is  based  on  the  household  production  theory.  Under  the  household  production 

model,  two  optimization  problems  are  involved.  In  the  upper  stage,  food  expenditure  is 

assumed  to  be  a  function  of  food  nutrients  and  the  number  of  meals  eaten  and  households  are 

assumed  to  minimize  their  food  expenditures  subject  to  certain  food  preparation  technology. 

In  the  lower  stage,  utility  is  assumed  to  be  a  function  of  nutrients  consumed  and  household 


ix 


composition;  and  the  household  is  assumed  to  maximize  it  utility  subject  to  a  budget 
constraint. 

Data  reported  in  the  1987-88  Nationwide  Food  Consumption  Survey  is  used  to 
estimate  these  two  models.  Five  food  groups  and  seven  nutrients  are  analyzed.  Results 
suggest  that  the  sub-demand  system  analysis  is  promising.  In  the  levels  version  of  the 
Rotterdam  model,  results  indicate  that  nutrients  lower  the  perceived  food  prices  and  thus 
increase  the  food  consumed  for  food  groups  of  meats,  vegetables  and  fruit,  grains,  and  the 
other.  Results  from  the  household  production  model  suggest  that  nutrients  played  an 
important  role  in  household's  purchases  of  its  foods  to  secure  the  nutrients  in  at-home  meals. 

This  study  explores  the  roles  of  nutrients  in  the  demand  for  food  through  the  utility 
theory  and  the  household  production  theory.  Results  from  both  approaches  support  the 
argument  that  nutrients  play  an  important  role  in  food  demand  patterns. 
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CHAPTER  1 
INTRODUCTION 

Consumers  play  the  key  role  in  linking  the  provision  of  food  by  the  agricultural  sector 
to  the  ultimate  nutritional  well-being  of  the  population.  As  a  food  consumer,  an  individual's 
food  choices  and  consumption  behavior  have  important  nutritional  and  economic  outcomes 
that  affect  his/her  health  status  individually  and  the  viability  of  the  food  system  collectively. 
In  other  words,  consumers'  food  choices  affect  not  only  their  health  but  also  the  state  of 
economy,  agricultural  production  and  the  balance  of  trade  and  employment  in  the  food  sector 
as  well  as  the  fortunes  of  many  companies.  The  availability,  accessibility  and  choice  of  foods 
needed  to  meet  an  adequate  and  safe  diet  and  to  promote  health  are  key  challenges  of  our 
food  system  today  as  evidence  exists  that  consumers  are  slowly  shifting  their  eating  patterns 
toward  more  healthy  diets. 

An  understanding  of  the  factors  that  influence  food  choices  --  including  economic, 
social,  psychological,  and  physiological  factors  --  is  required  to  meet  the  need  for  a  basic 
understanding  of  the  mechanisms  that  cause  individuals  to  choose  and  consume  foods. 
Knowledge  of  how  people  make  food  choices,  what  factors  influence  consumer's  demand  for 
food,  factors  that  make  food  available  for  those  in  need  of  assistance,  the  economics  of  farm 
to  food  retail  distribution,  and  changing  food  markets  are  critically  important  to  the 
development  of  effective  agricultural  and  food  policies  assuring  a  safe,  affordable,  reliable  and 
nutritious  food  supply  and  to  the  expansion  of  food  markets  for  U.S.  products  in  the  United 
States  and  in  the  international  market. 
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According  to  the  U.S.  Department  of  Agriculture  (USDA,  1997),  Americans  spent 
about  $375  billion  on  food  purchases  (at-home)  in  1996,  an  increase  of  about  SI  39  billion 
from  1985.  However,  the  proportion  of  expenditure  on  food  has  fallen  from  about  20  to  12 
percent  in  the  United  States  during  the  last  20  years,  while  per  capita  real  disposal  real  income 
has  risen  through  time  (Putnam,  1990).  In  the  United  States,  nutrition  practices  have  become 
popular  measures  to  prevent  almost  all  diseases.  For  example,  a  significant  proportion  of 
Americans  have  decreased  their  intake  of  red  meat  and  cholesterol  in  response  to  warnings 
that  excessive  consumption  of  cholesterol  is  associated  with  coronary  artery  disease 
(Breidenstein,  1988).  Other  phenomena  that  reflect  concern  with  preventive  nutrition  include 
increased  sales  of  vitamin/mineral  supplements  and  books  that  describe  special  "anti-disease" 
diets  and  consumers'  heightened  concern  with  product  ingredients.  Good  nutrition  is  a  key 
to  obtaining  optimal  health  and  productivity  and  to  reducing  the  risk  for  chronic  and 
infectious  diseases. 

The  ability  to  understand  present  as  well  as  future  patterns  of  food  consumption  is  of 
great  importance  to  policymakers  such  as  the  USDA,  state  and  local  agencies,  and  private 
commodity  and  industry  groups.  Changes  in  the  economic,  social  and  demographic 
environment,  along  with  consumer  knowledge  and  awareness  of  the  health-promoting  aspects 
of  dietary  choices,  all  influence  consumers'  demand  for  food.  In  addition,  changes  proposed 
to  a  nation's  welfare  and  food  assistance  programs  are  likely  to  directly  affect  the  food 
choices  and  well-being  of  those  in  need  of  assistance.  More  effective  public  policies  in  the 
food  sector  will  occur  with  improvement  in  the  understanding  of  structural  elements  of  food 
consumption  and  the  factors  that  determine  the  adoption  of  a  healthy  diet. 
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The  USDA  classifies  food  into  five  groups:  dairy  products;  meats  and  other  protein 
foods;  fruit;  vegetables;  and  grain  (1992).  Given  the  evidences  that  consumers  have  changed 
their  attitudes  toward  more  healthy  diet  in  terms  of  good  nutrition,  it  is  then  assumed  that 
consumers  are  equipped  with  the  knowledge  of  which  major  nutrient  ingredients  are 
embodied  in  these  five  food  groups,  and  of  which  food  items  comprise  these  five  groups.  For 
example,  dairy  products  —  such  as  milk,  cheese,  and  yogurt  —  are  important  sources  of 
protein,  calcium,  riboflavin,  and  other  nutrients;  meats  and  other  protein  foods  provide 
protein,  iron,  and  zinc;  vegetables  and  fruits  provide  variable  amounts  of  vitamins,  minerals, 
and  fiber;  and  grains  --  including  breads,  cereals,  rice,  and  pasta  (that  is,  all  foods  from  grains) 
-  are  good  sources  of  carbohydrates,  fiber,  vitamins,  and  minerals. 

The  Dietary  Guidelines  (HHS/USDA,  1995)  and  Food  Guide  Pyramid  (USDA,  1992) 
recommend  the  selection  of  foods  from  a  variety  of  food  groups,  the  choice  of  a  diet  that  is 
low  in  fat,  saturated  fat,  and  cholesterol,  and  moderate  in  the  use  of  salt  and  sodium.  In  an 
effort  to  measure  how  well  American  diets  conform  to  recommended  healthy  eating  patterns, 
the  USDA  (CNPP/1995)  has  developed  the  Healthy  Eating  Index.  The  findings  from  this 
index  indicate  that,  in  general,  the  American  diet  does  not  meet  these  recommendations  but 
is  high  in  total  fat  and  saturated  fat  and  low  in  fiber  and  complex  carbohydrates.  Less  than 
one-third  of  individuals  in  this  study  consumed  the  recommended  servings  of  milk  and  meat, 
while  fewer  than  one  out  of  five  individuals  consumed  the  recommended  servings  of  grains, 
vegetables,  and  fruit. 

Food  consumption  and  the  accompanying  nutritional  quality  of  the  diet  are  determined 
by  income  and  prices  as  well  as  a  broad  range  of  other  factors.  Changing  demographics  and 
household  composition,  women's  labor  force  participation,  new  concerns  about  health-diet 
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links  and  food  assistance  programs,  and  changes  in  the  food  markets  all  affect  the  types  and 
amount  of  food  that  are  consumed.  According  to  a  recent  survey  by  the  Food  Marketing 
Institute  (1993),  consumers  seem  to  be  very  concerned  with  the  health-related  issue  of 
nutrition.  At  least  nine  out  of  10  respondents  have  changed  their  eating  habits  to  ensure  a 
healthy  diet.    For  at  least  the  last  five  years  before  this  survey  was  conducted,  the 
consumption  of  more  fruit  and  vegetables  has  been  the  primary  way  that  shoppers  ensured 
themselves  of  a  healthful  diet  (59  and  62  percent  in  1989  and  1993,  respectively).  This 
behavior  was  reported  more  than  twice  as  often  as  any  other  dietary  behavior  in  terms  of 
means  toward  a  healthy  diet.  Three  out  of  10  shoppers  either  ate  less  meat  or  less  red  meat 
(30  percent)  or  consumed  less  fats  and  oils  (26  percent).  Food  selection  differs  among 
shopper  subgroups.  That  is,  more  women  than  men  considered  nutrition  important  (83  versus 
53  percent),  and  the  importance  of  nutrition  to  consumers  increased  with  age.  In  short,  there 
is  a  trend  toward  buying  foods  with  low  fat,  less  salt,  less  sugar,  more  vitamin/mineral,  and 
more  nutritional  value. 

Food  selection,  market  purchase,  and  food  preparation  decisions  are  critical 
determinants  of  diet-related  health  concerns  for  consumers  as  well  as  factors  that  affect  the 
structure  and  composition  of  the  food  supply.  Good  information  on  behavioral  relationships 
that  determine  food  choice  is  critical  in  designing  effective  food  assistance  programs  and  in 
developing  insights  regarding  future  food  consumption  patterns. 

Given  the  facts  that  the  American  diet  does  not  appear  to  meet  the  recommended 
requirement  (CNPP/USDA,  1995)  and  that  there  is  a  trend  toward  more  healthy  diets,  the 
objective  of  this  study  is  to  analyze  the  effects  of  economic  factors  on  food  demand  and 
consumption  behavior  by  identifying  and  estimating  the  linkages  of  nutrition  knowledge  by 
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household  or  consumer  food  choices;  that  is,  the  objective  is  to  investigate  the  role  and  effects 
of  nutrients  in  consumers'  or  households'  food  consumption  patterns.  Furthermore,  health- 
related  public  policy  on  nutritional  quality,  health,  food  consumption  and  prices,  and 
promotional  activity  programs,  such  as  advertising  sponsored  by  the  food  industry,  can  be 
evaluated  or  designed  based  upon  the  findings  of  this  study. 

It  is  well-known  that  nutritional  attributes  are  often  the  major  themes  in  the 
advertising  of  various  commodity  groups.  Florida  orange  juice  is  claimed  for  its  richness  in 
folate  and  vitamin  C;  milk  is  rich  in  calcium,  for  example,  "milk  does  a  body  good",  and  pork 
is  relatively  lean,  has  less  cholesterol  than  it  previously  had,  and  is  advertised  as  "the  other 
white  meat."  All  these  promotional  activities  are  intended  to  change  consumers'  perceptions 
and  awareness  of  nutritional  content  in  food  commodities  in  question  so  that  consumers  will 
increase  their  consumption  of  the  respective  food  commodities. 

Two  different  approaches  are  developed  to  examine  household  food  consumption 
behavior  in  this  study.  Both  approaches  are  constructed  in  a  demand  subsystem.  First, 
because  more  nutritious  food  is  assumed  to  increase  a  household's  utility  function,  a  levels 
version  of  the  Rotterdam  model,  extended  with  the  nutrient  variables,  is  developed.  This 
approach  not  only  allows  the  calculation  of  price  and  expenditure  elasticities  of  demand  for 
selected  food  groups  but  also  allows  one  to  capture  the  impacts  of  food  group-specific 
nutrients  on  the  demand  for  these  food  groups.  In  other  words,  a  representative  consumer 
or  household's  utility  is  assumed  to  be  a  function  of  the  quantities  of  food  consumed  and  the 
nutrient  contents  of  food,  where  the  individual  nutrient  variables  are  food  group-specific. 

In  the  second  approach,  households  are  assumed  to  demand  food  attributes  or 
nutrients  embodied  in  various  foods  and  the  number  of  meals  eaten  at  home  using  the 


household  production  theory.  This  household  production  model  allows  researchers  to 
estimate  the  price  and  expenditure  elasticities  of  nutrients.  Although  these  two  models  are 
different  in  assumptions,  their  common  objective  is  the  same  —  to  analyze  the  effects  of 
nutrients  on  food  demand. 

This  study  is  comprised  of  five  chapters.  In  chapter  2,  a  review  of  existing  literature 
related  to  nutrition  on  consumer  food  demand  is  presented.  The  specification  of  the  extended 
levels  version  of  the  Rotterdam  model,  methods  of  estimation,  data,  sources  of  nutrients,  and 
the  estimation  results  are  provided  in  chapter  3.  In  chapter  4,  the  specification  of  the 
household  production  model,  data,  and  the  estimation  results  are  presented.  Finally,  in 
chapter  5,  a  summary,  concluding  remarks,  and  implications  are  provided. 


CHAPTER  2 
LITERATURE  REVIEW  AND  APPROACHES 

This  chapter  consists  of  three  sections.  The  first  section  presents  a  brief  overview  of 

determinants  of  food  demand  choice.  A  literature  review  of  studies  that  incorporated  nutrient 

variables  into  food  demand  analyses  is  then  provided.  In  the  last  section,  two  approaches  used 

in  this  study  are  presented. 

Determinants  of  Food  Demand  Choice 
Most  of  the  early  work  in  understanding  factors  affecting  food  selection  focused  on 
the  food  items  themselves  --  taste,  texture,  other  sensory  components,  and  the  overall 
acceptability  of  the  food  (Kare  and  Mailer,  1967  and  1977).  More  recently,  studies  in  the  food 
choice  arena  have  suggested  that  factors  other  than  food  -  including  social  factors  (with 
whom  a  consumer  is  eating  or  purchasing  (deCastro  and  deCastro,  1989)),  temporal  factors 
(at  what  time  or  the  time  available  for  a  consumer  to  eat  or  purchase  (Birch  et  al.,  1984))  and 
environmental  factors  (the  physical  surroundings)  --  are  instrumental  in  guiding  food  choices 
and  should  be  the  focus  of  more  research  (Meiselman  et  al.,  1988;  Meiselman,  1992;  Rozin 
andTuorila,  1993). 

Pelto's  (1981)  definitions  of  factors  influencing  food  choice  differ  somewhat  from  the 
studies  from  above;  however,  the  basic  underlying  mechanisms  of  food  selection  are  the  same. 
According  to  Pelto,  both  the  social-economic-political  system  (or  social  factors)  and  the  food 
production  and  distribution  system  (or  environmental  factors  such  as  food  availability,  and 
food  marketing  channels, ...  etc.)  affect  lifestyle  factors  such  as  income,  occupation,  education, 
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ethnic  identity,  rural-urban  residence,  religious  belief,  health,  nutrition  knowledge,  and 
physiological  characteristics,  and  then  affect  individual  lifestyle,  and  finally  affect  food  choice 
behaviors. 

Convenience  is  a  newly  rising  factor  that  affects  consumer  food  choice  behaviors  in 
addition  to  those  factors  stated  above.  "Time  will  be  the  currency  of  the  nineties,"  according 
to  a  report  of  the  US  Institute  of  Economists.  U.S.  surveys  reveal  that  the  most  prized 
inventions  are  those  such  as  the  microwave,  remote  control  electronic  devices,  and  automatic 
coffee  makers,  which  empowered  consumers  and  freed  up  time  that  they  could  subsequently 
control  and  use  (Senauer  et  al.,  1991).  With  the  increasing  importance  and  value  of  time 
resources  comes  a  greater  demand  for  convenience  in  food,  along  with  other  goods  and 
services,  although  this  can  create  conflict  with  the  other  major  trend  in  food  habits,  that  of 
healthy  eating  (Bull,  1985;  Carruthers,  1988).  In  the  United  States,  for  example,  poultry 
consumption  (of  which  80  percent  is  chicken)  rose  from  19  percent  of  total  meat  poultry  and 
fish  consumption  in  1966  to  32  percent  in  19S9.  However,  40-45  percent  of  all  chicken 
consumed  is  purchased  in  fast-food  stores,  primarily  in  the  form  of  fried  chicken. 

The  issue  between  health  and  diet  has  drawn  more  and  more  attention  by  consumers. 
Table  2-1  shows  a  survey  result  made  by  the  Food  Marketing  Institute  (1993):  98,  97,  96,  and 
91  percent  of  the  respondents  showed  concerns  about  taste,  the  nutritional  contents  of  foods, 
price,  and  product  safety,  respectively.  Seventy-nine  and  75  percent  of  respondents  indicated 
that  "ease  of  preparation"  and  "food  preparation  time",  respectively,  were  very  or  somewhat 
important.  Taste  was  by  far  the  most  important  consideration  in  selecting  food,  with  nine  out 
of  10  shoppers  indicating  that  taste  is  very  important.  It  outweighs  nutrition  (75  percent), 
price  (74  percent),  and  product  safety  (72  percent).  In  a  study  involving  married  couples, 
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Table  2-1 .  Importance  of  Various  Factors  in  Food  Selection,  1993. 

Factors 

Very  Important  ( 1 ) 

Somewhat 

Total 

Important  (2) 

(D  +  (2) 

Taste 

91 

7 

98 

Nutrition 

75 

22 

97 

Price 

74 

22 

96 

Product  Safer)' 

72 

19 

91 

Storability 

45 

37 

82 

Product  Packing  That 

41 

37 

78 

Can  Be  Recycled 

Ease  of  Preparation 

37 

42 

79 

Food  Preparation  Time 

36 

39 

75 

Source:  Food  Marketing  Institute  (1993). 


10 

Schager  (1978)  found  that  husbands  rated  taste,  followed  by  nutrition,  the  most  important 

determinant  of  food  choice,  while  the  wives  rated  nutrition  followed  by  taste  as  being  most 

important.  McNutt  et  al.  (1986)  found  taste,  following  safety,  to  be  the  most  important  factor. 

However,  when  one  begins  to  examine  indices  of  buying  behavior,  it  is  equally  clear  to  the 

researcher  that  taste  is  not  the  only  crucial  determinant  and  in  some  cases  clearly  falls  well 

down  the  priority  list  (Raats  et  al.,  1995). 

A  study  by  the  Food  Marketing  Institute  (1993)  found  that,  for  the  period  from 

January  1989  to  January  of  1993,  more  than  90  percent  of  respondents  had  adjusted  their  diets 

for  health  or  nutrition  reasons.  Respondents  were  concerned  about  the  intakes  for  particular 

nutrients,  especially  fats  and  cholesterol  (Borra,  1988).  These  studies  found  that  nutritional 

contents  are  important  factors  in  the  demand  for  food.  Until  recently,  most  food  demand 

studies  assumed  that  the  demand  for  food  or  food  subgroups  was  only  a  function  of  prices  and 

budget.  The  deliberate  or  unintentional  ignorance  of  such  nontraditional  variables,  nutritional 

contents,  may  result  in  biased  estimation  of  structural  demand  relationships.   To  quote 

Manderscheid  (1964): 

In  both  experimental  and  nonexperimental  studies  uncontrolled  variables  may, 
if  they  are  important,  affect  the  relationships  being  studied.  A  study  of  the 
relationship  between  skim  and  whole  milk  prices  at  retail  might  be  upset  by  a 
"cholesterol  scare"  if  such  a  scare  received  widespread  public  attention  and  if 
the  experimental  design  or  statistical  procedure  did  not  remove  its  effect. 

The  major  purpose  of  this  study  is  to  empirically  estimate  the  sensitivity  of  the  demand 

for  several  categories  of  foods  to  changes  in  prices,  food  expenditure,  and  the  nutritional 

contents  of  these  foods.  The  demand  system  approach  will  be  utilized  along  with  multistage 

budgeting. 
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Literature  Review 

A  few  studies  have  incorporated  nutrient  variables  into  the  food  demand  analyses. 
Some  have  used  a  cholesterol  information  index  -  a  measure  of  the  number  of  medical  journal 
articles  that  disseminate  cholesterol  in  relation  to  heart  disease  -  as  a  variable  in  demand 
equations  (Brown  and  Schrader,  1990,  Capps  and  Schmitz,  1991;  Chang  and  Kinnucan,  1991). 
Other  have  considered  demand  equations  for  specific  nutrients  as  functions  of  income  and 
sociodemographic  variables  based  upon  household  survey  data  (Adrian  and  Daniel,  1976; 
-Akin,  Guilkey,  and  Popkin,  1983;  Basiotis  et  al.,  1983;  Chavas  and  Keplinger,  1983;  Devaney 
and  Fraker,  1989,  Scearce  and  Jensen,  1979).  Some  studies  have  proposed  a  formula  to 
calculate  nutrient  elasticities  for  use  in  measuring  price  and  income  effects  on  nutrient 
availability  (Gould,  Cox,  and  Perali,  1991;  Pitt,  1983;  Sahn,  1988).  A  recent  study  by  Huang 
(1996)  explored  the  linkage  between  the  determinants  of  food  choice  and  consumer  nutrient 
availability  using  Lancaster's  linear  characteristic  model.    (Note  that  Gorman  (1956) 
developed  the  linear  characteristic  model,  and  Lancaster  (1966  &  1971)  extensively  discussed 
it  .)  Huang  also  provided  the  derivation  of  nutrient  elasticities. 

This  literature  review  attempts  to  integrate  and  summarize  diverse  demand  analysis 
studies  that  agricultural  economists  have  conducted  in  conjunction  with  the  issue  of  health  and 
nutrition.  This  literature  can  be  classified  into  four  categories:  (1)  assessment  of  the  effect  of 
attitudes  and  information  about  health  and  nutrition  on  the  demand  for  food  products;  (2) 
determination  of  demand  for  specific  nutrients;  (3)  construction  of  hedonic  price  or  consumer 
goods  characteristics  models  for  nutrients;  and  (4)  incorporation  of  nutrient  variables  into  a 
food  demand  system. 
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Attitudes  and  Information  About  Health  and  Nutrition 

According  to  national  consumer  attitudinal  research,  consumers  seem  to  prefer  leaner 
beef  (Yankelovich,  Skelly,  and  White,  1985).  A  few  studies  have  been  conducted  to  examine 
consumer  attitudes  and  preferences  toward  beef.  Branson  et  al.  (1986)  examined  the  effects 
of  various  degrees  of  leanness  on  consumer  demand.  Skaggs  et  al.  (1987)  and  Menkhaus  et 
al.  (1988)  analyzed  the  potential  performance  of  marketing  branded,  low-fat,  fresh  beef.  The 
common  results  of  these  studies  are:  (a)  consumers  appear  to  be  concerned  about  health  in 
regard  to  the  ingestion  of  animal  fats;  (b)  consumers  are  willing  to  compromise  taste  for  a 
product  that  is  perceived  to  be  more  healthy;  and  (c)  health-related  factors  affect  the  decision 
to  purchase  leaner  meats.    A  study  conducted  by  Decision  Center,  Inc.  (1987)  for  the 
American  Meat  Institute  examined  the  awareness  and  usage  of  branded  lean  beef  supplied  by 
Giant  Foods,  Inc.,  a  chain  located  in  the  Baltimore-Washington  area.  This  particular  brand 
is  found  to  be  popular  with  female  customers  who  are  employed,  are  under  the  age  of  40,  have 
children,  and  are  concerned  with  the  issue  of  health  and  nutrition.  Capps,  Moen,  and  Branson 
(19S8)  examined  consumers'  willingness  to  try  lean  meat  products  from  a  retail  food  chain  in 
Houston.  Using  survey  data  collected  through  telephone  calls  and  a  probit  model  analysis, 
Capps,  Moen,  and  Branson  found  that  fat-conscious  consumers  (consumers  with  a  preference 
toward  buying  low-fat  foods)  are  more  likely  to  try  lean  meat  products  than  nonfat-conscious 
consumers  (consumers  without  preference  toward  buying  low-fat  foods)  empirically,  ceteris 
paribus. 

Several  studies  incorporated  attitudinal  variables  and  information  about  health  and 
nutrition  in  demand  analysis.  The  role  of  nutrition  and  health  information  has  been  the  subject 
of  several  studies  of  consumer  food  choices.  For  instance,  Stokes  and  Haddock  (1972)  found 
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that  exploration  and  instructions  pertaining  to  the  use  of  nutrition  information  increase 
consumption  toward  "nutritious"  food.  Schutz,  Judge,  and  Gentry  (1986)  focused  on  the 
importance  of  nutrition,  brand,  and  sensory  attributes  to  the  purchases  of  several  foods. 

Pulter  (1987)  as  well  as  Brown  and  Schrader  (1990)  examined  the  effect  of  cholesterol 
information  on  shell  egg  consumption.  Pulter  (1987)  modeled  the  effects  of  cholesterol 
information  in  a  demand  relationship  for  eggs  via  a  nonlinear  time  specification  that 
corresponded  to  a  diffusion  process.  Pulter  argued  that  health  information  is  unlikely  to  be 
received  by  all  consumers  instantaneously;  instead,  the  health  information  diffuses  through  the 
population  over  time. 

Brown  and  Schrader  (1990)  constructed  a  cholesterol  information  index  to  estimate 
the  effect  of  cholesterol  information  on  egg  consumption.  This  index  is  a  running  total  of  the 
number  of  articles  available  to  the  medical  profession.  Each  article  supporting  the  linkage 
between  cholesterol  and  heart  disease  adds  one  unit  to  the  running  total  (lagged  two  quarters), 
and  each  article  rejecting  the  linkage  reduces  that  total  by  one  unit.  The  underlying  hypothesis 
in  their  study  is  that  consumers'  attitudes  toward  cholesterol  changed  slowly  as  scientific 
information  accumulated,  so  a  lagged  index  based  on  the  number  of  articles  in  medical  journals 
could  serve  as  a  proxy  for  information  perceived  by  consumers  from  many  sources.  Using 
quarterly  time-series  data  from  1955  I  to  1987  II,  Brown  and  Schrader  augmented  the 
standard  Marshallian  demand  relationship  for  eggs  by  including  the  cholesterol  information 
index.  Two  general  equilibrium  models  were  used  to  determine  whether  cholesterol  index  is 
an  important  factor  affecting  shell  egg  consumption;  one  is  a  constant-coefficient  model,  and 
the  other  is  a  changing-coefficient  model  (price  and  income  coefficients  are  assumed  to  vary 
with  cholesterol  index).  Adjustments  were  also  made  for  seasonality  and  the  percentage  of 
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women  in  the  labor  force.  For  the  constant-coefficient  model,  all  three  structure  variables 
(cholesterol  information  index,  percentage  of  women  in  the  labor  force,  and  timing)  were 
suggested  to  be  included.  For  the  changing-coefficient  model,  the  positive  coefficient  on  the 
interaction  of  egg  price  and  cholesterol  index  indicates  a  decrease  in  the  price  elasticity  for 
shell  eggs,  which  in  turn  implies  that  egg  consumption  increased  less  than  would  have  been  the 
case  without  cholesterol  information  as  real  prices  for  eggs  dropped.  The  negative  interaction 
of  income  and  the  cholesterol  information  index  also  indicates  a  decrease  in  the  income 
elasticity  for  eggs,  which  means  that  egg  consumption  increased  less  than  would  have  been  the 
case  without  the  cholesterol  information  as  income  increased.  Therefore,  results  under  both 
models  in  their  study  suggested  that  information  on  the  links  between  cholesterol  and  heart 
disease  decreased  per  capita  shell  egg  consumption. 

In  order  to  investigate  demand  interrelationships  among  meat  products,  Capps  and 
Schmitz  (1991)  used  a  demand  system  approach.  Capp  and  Schmitz  adopted  the  cholesterol 
information  index  developed  by  Brown  and  Schrader  (1990)  and  assumed  health  and  nutrition 
information  as  an  argument  in  the  utility  function  affecting  the  quantity  variables  (Basmann, 
1956;  Lancaster,  1966),  that  is, 

ut  =  u(q,;6(Y,)),  (2.1) 

where  G(  y, )  describes  the  impacts  of  y,  on  consumer  preferences  for  the  commodity  vector,  qj . 
The  vector,  y,,  consists  of  scientific  information  pertaining  to  cholesterol,  sodium,  dietary 
fiber,  or  saturated  fats,  etc.  The  key  assumption  in  Capp  and  Schmitzs'  study  is  that  changes 
in  scientific  information  about  health  and  nutrition  factors  (y)  in  time  t  result  in  changes  in  the 
vector  of  commodity  quantities  consumed,  q;,  which  in  turn  gives  rise  to  changes  in  the 
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parameters  of  the  utility  function.  In  other  words,  under  this  assumption,  the  formulation  of 
consumer  preferences  can  be  considered  in  part  on  information  about  the  characteristics  of 
commodities.  However,  the  utility  function  should  be  described  as  u(qt(Y,)),  the  utility 
function  (2. 1)  is  not  consistent  with  the  assumption  as  Capp  and  Schmitz  claimed. 

Capps  and  Schmitz  then  introduced  the  information  of  health  and  nutrition  -- 
cholesterol  information  index,  into  the  Rotterdam  demand  model,  which  is 

w/Dq,,  =T,ln(CHOLM)  +b,[Dy,  -  £  w^DpJ  +  £^  +  6,, 

k  j 

where 

Dy.-inty/y,.,], 
wi«  =(wi,+wi,.-i)/2- 

qi(  and  pj(  correspond  to  price  and  quantity  consumed  in  period  /  for  the  the  rth  commodity;  y 
is  the  rth  period's  total  expenditure  or  income;  and  CHOL,. ,  corresponds  to  the  cholesterol 
information  index  developed  by  Brown  and  Schrader  (1990).     The  symmetry  and 
homogeneity  conditions  are  the  same  as  those  in  the  traditional  specification;  in  addition,  there 
is  an  extra  constraint  to  the  adding-up  condition,  namely  £T;  =  0.   Capp  and  Schmitz 

i 

reported  that  there  is  evidence  that  cholesterol  information,  with  a  half-year  lag,  is  an 
important  determinant  in  the  consumption  of  pork,  poultry,  and  fish.  However,  the  way  that 
health  information  was  incorporated  in  the  demand  model  (2.2)  is  ad  hoc  because  Capp  and 
Schmitz  did  not  show  the  derivation  of  the  first  term  on  the  right-hand  side  (RHS), 
Tiln(CHOLt.,),  nor  did  they  explain  how  the  health  information  CHOL,.,  comes  into 
play  in  this  model.  The  addition,  TjlnfCHOL,.,),  is  inconsistent  with  the  spirit  of  the 
Rotterdam  model;  that  is,  variables  should  be  defined  as  logarithmic  differences. 
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Chang  and  Kinnucan  (1990)  examined  the  impact  of  cholesterol  information  on  the 
consumption  of  fats  and  oils  in  Canada.  A  cholesterol  information  index  served  as  a  proxy  for 
increasing  consumer  awareness  of  cholesterol  as  was  the  case  in  Brown  and  Schrader  (1990) 
and  Capps  and  Schmitz  (1991).  An  "effective  publicity"  measure  for  the  cholesterol 
information  index  was  developed  in  contrast  to  Brown  and  Schrader's  (1990)  "net  publicity" 
measure.  The  "effective  publicity"  measure,  rather  than  the  net  negative  information  in  the 
"net  publicity"  measure,  was  constructed  in  the  way  that  weighted  negative  information  plays 
a  role  in  formulating  the  information  index,. 

Chang  and  Kinnucan  (1991)  approached  the  consumer  choice  problem  by  assuming 
that  consumers'  perception  of  the  quality  (Z)  of  a  good  (X)  affects  the  satisfaction  or  utility 
in  consuming  the  good  (Swartz  and  Strand,  1981;  Brown  and  Schrader,  1990).  Furthermore, 
a  consumer's  perception  of  product  quality  will  depend  on  the  information  (INFO,)  that  a 
consumer  has  about  product  attributes  in  period  /.  Thus,  the  utility  function  can  be  written  as 

u=u(X(Z(INFO))).  (2.3) 
Moreover,  weakly  separable  utility  was  assumed  and  then  multiple-stage  maximization 
followed;  the  utility  function  (2.3)  can  be  partitioned  into  several  subutilities  with  each 
corresponding  to  its  respective  commodity  or  group  of  commodities.  Under  this  framework, 
multiple-stage  budgeting  is  made  possible,  for  example,  a  consumer  decides  first  on  his  total 
consumption  of  food,  then  on  the  budget  among  food  groups,  and  finally  on  the  allocation 
among  individual  commodities  within  a  particular  food  group. 

The  estimated  equation  Chang  and  Kinnucan  employed  is 


(2.4) 
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where  Qit  is  per  capita  consumption  of  good  /'  in  quarter  /;  P.  ,  is  the  real  price  of  good  j  in 

quarter  /;  TEXP,  is  the  consumer's  total  group  expenditure  on  fats  and  oils  in  quarter  /, 

deflated  by  the  Stone  price  index,  P,'  =  X!  wj  t'nPj  t-  wj  t 's      budget  share  of  good  j  in  the 

j 

fats  and  oils  group  in  quarter  /;  p^  (  is  the  nominal  price  of  good  j  in  quarter  /;  INFO,  is 
consumer  information  on  cholesterol  received  in  quarter  /;  Dk  s  are  seasonal  dummy  variables; 
and  £j  (s  are  random  error  terms. 

There  are  no  demand  restrictions  imposed  on  the  estimation.  The  estimated 
coefficients  of  the  cholesterol  information  index  are  significant  in  the  butter  and  salad  oil 
equations.  The  negative  coefficient  for  butter  indicates  that  the  demand  for  butter  decreases 
as  scientific  knowledge  about  the  role  of  cholesterol  in  heart  disease  increases,  ceteris  paribus, 
while  the  positive  coefficient  for  salad  oil  suggests  that  the  demand  for  salad  oils  increases  as 
the  information  about  cholesterol  increases.  Results  also  suggested  that  commodity  promotion 
strategies  by  the  industry  might  be  effective  to  some  degree  in  terms  of  providing  positive 
information  against  negative  information.  These  findings  are  indeed  consistent  with  the  notion 
that  saturated  fats  (a  major  ingredient  in  butter)  are  unhealthy,  while  unsaturated  fats 
(contained  in  specific  salad  oils)  are  relatively  better  in  terms  of  health. 

Gould,  Cox,  and  Perali  (1991)  estimated  U.S.  food  fats  and  oils  demand  using 
quarterly  disappearance  time-series  data  for  the  period  1962-87  and  an  almost  ideal  demand 
system  (AIDS)  model  with  demographic  scaling  specification.  In  their  study,  demand  was 
expressed  as  a  function  of  prices,  expenditure,  and  demographic  variables;  that  is, 

D,  =  Dj(P,S,M),     i  =  l  n.  (2.5) 

The  scaling  specification  assumes  that  the  scaling  parameters  are  functions  of  the  demographic 
variables;  that  is, 
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<l>i  =  <t>i(si.---.sd), 


(2.6) 


and  therefore  allows  the  effects  of  demographic  variables  to  influence  fat  and  oil  prices  by 
modifying  the  demand  system  as 


where  S  =  [s,,...,sd]  and  Pj'^Pj  are  scaled  prices. 

The  results  indicate  that  the  model  specification  with  demographic  scaling  fits  the  data 
quite  well  statistically,  which  suggests  that  the  system-wide  approach  to  demand  analysis  is 
more  appropriate,  particularly  when  household  level  cross-sectional  data  are  used.  In  addition 
to  the  price,  income,  and  demographic  demand  elasticities,  the  implied  dietary  fat  intake 
elasticities  are  calculated  for  each  of  the  demographic  characteristics.  Gould,  Cox,  and  Perali 
concluded  that  older  consumers  revealed  strong  preferences  for  butter  (and  vegetable 
shortening)  prior  to  current  concerns  for  cholesterol  and  saturated  fat  in  the  U.S.  diet,  which 
is  again  consistent  with  the  notion  that  consumption  of  saturated  fat  —  a  main  ingredient 
contained  in  butter  —  could  jeopardize  health.  This  result  is  similar  to  the  findings  reported 
by  Chang  and  Kinnucan  (1991). 

Demand  for  Specific  Nutrients 

Knowledge  of  factors  that  influence  nutrient  demands  is  useful  in  the  design  and 
implementation  of  programs  to  promote  improvements  in  nutrition  and  in  the  modification  of 
current  programs  --  such  as  Food  Stamp  Program  (FSP);  National  School  Lunch  Program 
(NSLP);  Special  Supplemental  Food  Program  for  Women,  Infants,  and  Children  (WIC);  and 
National  School  Breakfast  Program  (NSBP)  --  to  make  them  more  effective  and  efficient. 


D^P.^MJ^D^p^^^.^p^M) 
=  <t>,Di'(Pi\p2\  ...,pn',M), 


(2.7) 
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Most  of  these  government  programs  are  designed  to  improve  the  nutritional  status  of  children, 
particularly  those  whose  incomes  fall  below  poverty  level. 

A  typical  model  of  demand  for  specific  nutrients  resembles  the  Engel  function,  which 
can  be  represented  by 

Nhi^h+Thmi+Uh.Ali  +  -  •    +WhnAni+rMB.i+  ■••+rhTBfi<  (2.8) 

where  Nhi  denotes  the  intake  of  nutrient  h  by  the  /th  economic  agent  (individual  or 
household);  nv  is  income  for  the  /th  agent;  Ai;, . . . ,  Anl  constitute  a  set  of  binary  variables  that 
denote  participation  in  various  government  programs  by  the  /th  economic  agent;  and 
Bjj,  ....  Bn  represent  a  set  of  sociodemographic  variables.  Model  (2.8),  in  fact,  resembles  an 
allocation  model  that  allocates  the  food  budget  (or  income)  among  various  foods.  Since 
nutrients  are  parts  of  foods,  factors  affecting  food  consumption  also  affects  the  consumption 
of  specific  nutrient. 

Cross-sectional  data  sets  are  usually  used  for  this  type  of  study.  In  most  cases, 
evidence  exists  to  indicate  that  participation  in  government  food  assistance  programs  leads  to 
increases  in  the  levels  of  nutrient  intakes,  ceteris  paribus  (Akin,  Guilkey,  and  Popkin,  1983, 
Basiotis  et  al.,  1983,  Chavas  and  Keplinger,  1983,  Scearce  and  Jensen,  1979).  The 
sociodemographic  variables  most  commonly  used  in  the  models  are  income,  education, 
household  size,  ethnicity,  and  urbanization.  In  many  instances,  the  effects  of  the  respective 
sociodemographic  factors  on  nutrient  levels  are  statistically  significant,  ceteris  paribus. 
However,  the  impact  of  sociodemographic  factors  varies  across  samples  and  model 
specifications. 

In  Table  2-2,  selected  studies  represented  by  equation  (2.8)  are  summarized  in  terms 
of  the  data  set  used,  types  of  nutrients  concerned,  food  programs  in  question,  and 


20 


Table  2-2.  Selected  Studies  Pertaining  to  the  Demand  for  Specific  Nutrients  Specified  as 
 Equation  (2.8).  


Researcher(s) 

Data  Set 

Nutrients 

C  on  s  i  d  erf*ti 

Food  Programs 

Sociodemographic 

v  aj  iauitj 

Considered 

Adrian  &  Daniel 

1965-66  NFCS 

PR,  CAR,  FT, 
Vit  A,  Vit  C, 
CAL,  IN,  TH 

None 

Education,  Employment 
Status  Household  Size  & 
Life-cycle  Stage,  Meal 
Adjustment,  Race, 
Urbanization 

Akin,  Guilkey,  & 
Popkin 

1977-78  NFCS 

FE,  IN,  Vit  A, 
Vit  B-6,  Vit  C 

NSLP 

Gender  of  Household  Head, 
Ethnicity,  Education  & 
Hours  Worked  (Mother's), 
Household  Size,  Parenting 
Status,  Race,  Urbanization 

Basiotis  et  al. 

1977-78  NFCS 
Low  Income 
(NFCS-LI) 

FE,  PR,  CAL, 
IN,  RE,  TH, 
Vit  A,  Vit  C 

FSP 

Ethnicity,  Household  Size 
&  Composition,  Region, 
Urbanization 

Chavas  &  Keplinger 

1977-78  NFCS, 
Two  Spring 
Quarters 

FE,  PR,  CAL, 
IN,  PH,  NC, 
TH,  RB,  Vit  A, 
Vit  B-6,  Vit  B- 
12,  VitC 

FSP,  NSLP, 
NSBP,  GMSE, 
WIC 

Education,  Household  Size, 
Ethnicity,  Race,  Region 

Devaney  &  Fraker     1980-81  FE,  CAL,  IN,  NSBP         Education,  Ethnicity, 


Cross-sectional        MG,  Choi,  Vit  Employment  Status, 

Survey  of  Students,  A,  Vit  B-6  Household    Size,  Race, 

1980-81  Household  Region,  Urbanization 

Survey  of  Parents,  in 
1st  Part  of  National 
Evaluation  of  School 
Nutrition  Program 

Scearce  &  Jensen      1972-73  BLS,         FE.  PR,  CAL,  FSP  Education,   Family  Life- 

CES  IN,  NC,  Vit  A,  cycle  Status,  Household 

Vit  B- 1 ,  Vit  B-  Size,  Race.  Urbanization 

12 

NFCS  is  National  Food  Consumption  Survey,  BLS  is  Bureau  of  Labor  Statistics;  CES  is  Consumer  Expenditure 
Survey. 

CAL  =  Calcium;  Choi  =  Cholesterol;  FE  =  Food  Energy;  FT  =  Fat;  IN  =  Iron;  NC  =  Niacin;  MG  =  Magnesium; 
PH  =  Phosphorus;  PR  =  Protein;  RB  =  Riboflavin;  TH  =  Thiamin;  Vit  =  Vitamin. 

FSP  =  Food  Stamp  Program;  NSBP  =  National  School  Breakfast  Program;  NSLP  =  National  School  Lunch 
Program;  GMSE  =  Group  Meal  Sen-ice  for  the  Elderly,  WIC  =  Special  Supplemental  Food  Program  for  Women, 
Infants,  and  Children  Program. 

This  table  is  expanded  based  upon  Capp  and  Schmitz's  (1991)  study. 
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sociodemographic  variables  considered.  Given  that  household  income  variable  is  already 
represented  by  mi  in  equation  (2.8),  it  is  therefore  not  listed  under  the  last  column  in  Table 
2-2  even  though  it  was  considered  a  sociodemographic  variable  in  all  selected  studies.  The 
demand  model  (2.8)  is  usually  employed  to  predict  the  nutrient  intakes  for  economic  agents 
with  given  economic  and  sociodemographic  variables.  In  addition,  the  construction  of  the 
models  allows  analyses  not  only  of  the  impacts  of  various  government  programs  but  also  of 
sociodemographic  factors  on  levels  of  nutrient  intakes. 

Considerable  literature  has  been  written  on  links  between  income  and  nutritional  status. 
The  effectiveness  of  income  transfers  in  the  alleviation  of  nutritional  deficiencies  varies  across 
countries.  Timmer  and  Alderman  (1979)  employed  household  budget  data  from  Indonesia  to 
investigate  the  determinants  of  demand  for  calorie  intakes  in  order  to  generate  food  policy 
recommendations.    They  recommended  that  income  redistribution  might  improve  the 
nutritional  status  of  the  population  given  constant  prices.  Similarly,  Pinstrup-Anderson  and 
Caicedos'  (1978)  study  of  household  survey  data  form  Cali,  Colombia,  suggested  that  income 
redistribution  might  increase  the  demand  for  calories  and  protein  for  low  income  households. 
Via  a  two-stage  estimation  using  household  survey  data  from  Sri  Lanka,  Sahn  (1988) 
investigated  food  consumption  patterns  by  estimating  price  and  income  parameters.  He  also 
reached  the  conclusion  that  the  redistribution  of  income  is  the  most  important  factor  in 
determining  the  degree  of  calorie  adequacy  in  Sri  Lanka.  Adrian  and  Daniel  (1976)  studied 
nutrient  consumption  in  the  United  States,  where  a  far  larger  proportion  of  the  population  has 
higher  incomes.  Using  the  data  from  the  1965-66  NFCS,  Adrien  and  Daniel  found  that  the 
consumption  of  nutrients  by  the  U.  S.  population  is  not  typically  responsive  to  income. 
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Hedonic  Price  Models 

For  analyses  related  to  nutrition  issues,  hedonic  price  and  /or  characteristics  models 
are  attractive  because  of  their  ability  to  impute  the  marginal  values  (shadow  or  implicit  prices) 
of  nutrients.  A  typical  hedonic  price  model  can  be  written  as 

Pi  =  «i+EbihNih+ei.  (2.9) 
where  bih  is  the  marginal  implicit  price  of  the  Mh  nutrient  or  dietary  component,  Njh  is  the 
amount  of  nutrient  or  dietary  attribute  h  associated  with  a  unit  of  good  /',  and  p;  is  the  price 
of  good  /  (Cook  and  Eastwood,  1992;  Eastwood,  Brooker,  and  Terry,  1986;  Huffman,  19SS, 
Morgan,  1987;  Morgan,  Metzen,  and  Johnson,  1979).  From  equation  (2.9),  for  each  good 
consumed,  the  consumer  pays  the  price  equal  to  the  sum  of  marginal  monetary  values  of  the 
characteristics  of  the  good.  Morgan,  Metzen,  and  Johnson  (1979)  use  this  model  to  determine 
a  set  of  hedonic  prices  for  the  nutritional  attributes  of  breakfast  cereals. 

Cook  and  Eastwood  (1992),  Eastwood,  Brooker,  and  Terry  (1986);  Ladd  and 
Suvannunt  (1976);  Huffman  (1988);  and  Capps  (1987)  used  the  hedonic  price  model  to 
determine  a  set  of  shadow  prices  for  five,  seven,  eight,  13,  and  14  nutrients,  respectively.  The 
common  ground  for  these  five  studies  is  that  they  all  employ  the  1977-78  NFCS  data  set; 
Cook  and  Eastwood;  Huffman;  and  Eastwood,  Brooker,  and  Terry  used  the  spring  portion  of 
the  survey,  while  Capps  used  all  seasons  from  the  survey.  With  this  model,  they  were  able  to 
measure  the  shadow  prices  of  nutrients. 

Table  2-3  summarizes  the  estimated  hedonic  prices  for  various  nutrients  from  the  four 
studies  mentioned  above.  The  estimated  shadow  price  for  the  removal  of  one  gram  of  fat  is 
1.954  cents  (0.968  cents)  by  Huffman  (Capps),  while  it  is  0.248  cents  for  the  inclusion  of  one 
gram  of  fat  by  Eastwood,  Brooker,  and  Terry  For  protein,  the  shadow  prices  range  from  0.44 
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Table  2-3.  Hedonic  Prices  in  Cents  per  Unit  of  Nutrients  from  Selected  Studies  Using  the 
1977-78  NFCS. 


Nutrient 

Cook  &  Eastwood* 

Eastwood,  Brooker, 
&  TemJ 

Huffman 

Capps 

Food  Energy  (c/cal) 

0.294** 

0.052* 

0.132* 

Carbohydrate  (c/gm) 

0.021* 

-0.547* 

Calcium  (c/gm) 

-0.003 

0.026* 

Fats  (c7gm) 

0.248* 

-1.954* 

-0.968* 

Iron  (C/gm) 

-0.285 

-0.290* 

Magnesium  (c/gm) 

0.035* 

0.102* 

Niacin  (C/gm) 

13.842* 

2.933* 

Phosphorus  (c/gm) 

-0.068 

-0.027* 

Protein  (c/gm) 

0.440* 

0.439* 

0.648* 

Riboflavin  (c/gm) 

-0.303 

-9.913* 

Thiamin  (c/gm) 

-103.150* 

-25.259* 

Vitamin  A  (c/IU) 

-0.001** 

-0.002* 

-0.003 

0.003* 

Vitamin  B6  (c/mg) 

-36.219* 

-13.044* 

Vitamin  B12  (c/mg) 

8.230* 

0.324* 

Vitamin  C  (c/mg) 

0.128** 

0.165* 

0.365* 

0.175* 

Minerals  (c/mg) 

0.021** 

0.012* 

Vitamins  B  (c/mg) 

2.450** 

2.335* 

a,  Vitamin  B  includes  niacin,  riboflavin,  thiamin,  vitamins  B6  and  B12,  while  minerals  contains  calcium,  iron, 
and  magnesium;  the  estimates  reported  are  for  the  middle  subsistence  group. 

*  Denotes  that  the  parameter  estimates  are  significantly  different  from  zero  at  a  =  0.01  level,  while  **  indicates 
the  estimates  are  significantly  different  from  zero  at  a  =  0.05  level. 
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to  0.65  cents.  For  iron,  the  shadow  price  is  0.29  cents  for  the  removal  of  one  milligram.  The 
estimates  reported  in  the  second  column  in  Table  2-3  are  based  on  the  behavior  of  the  middle 
subsistence  group  by  Cook  and  Eastwood  (1992).  The  middle  subsistence  group  is  defined 
as  a  group  of  households  that  meet  the  respective  Thrifty  Food  Plan  (TFP,  Cleveland  et  ai., 
1983)  subsistence  levels  for  at  least  one  nutrient.  These  results  from  Cook  and  Eastwood's 
study  are  similar  to  the  findings  by  Eastwood,  Brooker,  and  Terry  (1986).  Aside  from  that 
the  subsistence  levels  of  nutrients  are  incorporated  in  the  demand  functions  of  Cook  and 
Eastwood's  study,  this  is  an  expected  outcome  given  the  fact  that  both  studies  used  the  same 
hedonic  price  model.  Table  2-3  also  shows  that  little  similarity  exists  when  comparing  results 
from  these  two  studies  to  those  of  the  other  two  studies;  the  exception  is  for,  perhaps,  protein 
and  iron  among  the  estimates  of  various  nutrient  characteristics.  A  reasonable  explanation 
might  be  that  different  demographic  variables  were  selected  to  estimate  the  demand  function 
using  the  same  or  different  data  sets. 

The  incorporation  of  nutrients  in  demand  analysis  is  not  an  easy  task  because  of  the 
fact  that  the  representative  consumer  usually  does  not  have  the  knowledge  of  the  nutritional 
content  of  foods  and  that  nutrients  are  not  necessarily  independent  from  one  another.  The 
main  assumption  --  that  consumers  care  about  the  nutritional  attributes  or  characteristics  -  is 
required  for  this  kind  of  demand  analysis.  To  quote  LaFrance  (1983): 

even  if  consumers  do  not  compute  or  calculate  at  the  margin  the  values  of 
obtaining  an  additional  milligram  of  vitamin  B6,  for  example,  they  are 
undoubtedly  aware  of  health  and  nutritional  needs  in  general.  Even  if 
consumers  are  not  fully  aware  of  the  actual  levels  of  various  nutrients  in  each 
food  item,  it  remains  a  biological  fact  that  certain  vitamins,  minerals,  protein, 
carbohydrates,  and  fatty  acids  are  essential  to  the  continued  survival  and  health 
of  the  human  body. 
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In  fact,  the  hedonic  price  model  is  a  special  case  of  the  household  production  model. 

According  to  Deaton  and  Muellbauer  (1980): 

Empirical  work  on  quality  corrected  price  indices  is  mostly  based  on  a 
procedure  referred  to  as  the  hedonic  technique  and  this  is  usually  justified  in 
terms  of  household  production  theory.  .  .  .  Stone  (1956),  for  example,  used 
alcoholic  content  as  a  way  of  comparing  prices  of  different  alcoholic 
beverages.  The  empirical  applications  typically  regress  prices  or  the  logs  of 
prices  of  the  different  varieties  of  a  type  of  good  on  such  specification 
variables. 

In  essence,  the  hedonic  price  model  expressed  in  equation  (2.9)  reflects  that  the  quality 
of  various  foods  is  adjusted  by  the  existence  of  their  nutritional  ingredients,  and  the  quality 
change  in  the  household  production  framework  is  treated  as  a  change  in  household  technology. 
The  shadow  prices  of  nutrients,  b^s,  can  be  estimated  by  (2.9).  The  demand  for  non-market 
outputs  or  nutrients  can  then  be  estimated  as  the  shadow  prices  of  these  outputs  are  obtained, 
and  the  household's  full  cost  minimization  problem  can  be  solved  as  a  function  of  its  utility, 
market  input  prices,  and  its  capital  stocks.  This  illustrates  that  the  hedonic  technique  is 
justified  in  terms  of  household  production  theory. 

Incorporation  of  Nutrient  Variables  in  a  Food  Demand  System 

Since  nutrient  price  elasticities  summarize  the  net  effect  of  food  price  changes  on  net 
nutrient  intakes,  knowledge  of  the  complete  matrix  of  nutrient  price  elasticities  would  be 
critically  useful  in  designing  nutrition-oriented  food  policy.  It  would  be  especially  useful  for 
countries  whose  national  goals  are  set  in  terms  of  nutritional  intake  and  where  there  is  heavy 
intervention  in  the  markets  for  foods. 

Using  a  Tobit  (Tobin,  1958)  model,  Pitt  (1983)  estimated  food  demand  equations, 
given  nutrient  availability  for  households  in  rural  Bangladesh,  to  generate  a  recommendations 


for  food  policy.  A  Tobit  model  allows  the  positive  probability  of  observing  nonconsumption, 
which  usually  presents  a  problem  when  using  household  survey  data.  Using  the  linear 
characteristic  model,  Pitt  derived  uncompensated  and  compensated  nutrient  price  elasticities 
and  nutrient-expenditure  elasticities.  The  linear  characteristic  model  is 

zr^hA  (2io) 

Model  (2.10)  means  that  one  unit  of  each  good,  qit  contains  b-t  units  of  the  non-market  good 
j  and  that  z.  is  the  total  non-market  good  j  contained  in  all  goods  considered.  The  derived 
uncompensated  (cf>nj)  and  compensated  (4>„j)  nutrient  price  elasticities  and  nutrient- 
expenditure  elasticities  are 

V  V    p/  ■.  '  (211) 


^tow'  (212) 


and 


£  viimE(y.) 

^  =     V      C,    N     '  (213) 
i 

where  r)^  ande^  are  uncompensated  and  compensated  price  elasticities  of  food  /  with  respect 
to  food  price  j,  respectively;  r|jm  is  the  expenditure  elasticity  for  the  /'th  food;  anj  is  the 
quantity  of  nutrient  n  per  unit  of  food  /;  and  E(y()  is  the  expected  physical  consumption  of 
the  /th  food.  Thus,  equations  (2.12)  and  (2.13)  express  the  fact  that  the  nutrient-price  and 
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nutrient-expenditure  elasticities  are  the  weighted  average  of  all  own-,  cross-price,  and 
expenditure  elasticities,  respectively.  In  other  words,  Pitt  assumed  that  consumers  have 
complete  knowledge  about  the  levels  of  nutrients  in  various  food  items. 

Pitt  estimated  the  nutrient-price  and  nutrient-expenditure  elasticities  for  a  food  system 
consisting  of  nine  food  items  and  nine  nutrients.  Given  the  matrix  of  estimated  nutrient-price 
elasticities  in  rural  Bangladesh,  Pitt  concluded  that  wheat  flour  would  be  an  ideal  candidate 
if  it  were  decided  that  subsidies  would  be  used  to  achieve  nutritional  objectives.  Pitt  also 
discovered  that  wheat  flour  constitutes  a  significant  portion  of  the  food  consumption  of  the 
poor  but  a  small  portion  consumption  of  the  rich.  In  fact,  its  demand  elasticity  with  respect 
to  total  food  expenditure  is  negative  over  the  entire  range  of  expenditure  studied.  In  addition, 
Pitt  concluded  that  poor  consumers  are  much  more  responsive  to  wheat  flour  price  than  are 
wealthier  consumers.  Rogers  and  Levinson  (1976)  also  document  that  wheat  flour, 
particularly  pre-ground  wheat  flour,  has  these  same  attributes  in  Pakistan  and  that  its 
subsidization  is  effectively  targeting  nutritionally  deficient  households. 

Lancaster  (1966)  developed  a  novel  conceptual  framework  to  link  food  choice  and 
nutritional  status.  The  chief  novelty  stems  in  breaking  away  from  the  classical  approach  that 
goods  (foods)  are  the  direct  objects  of  utility  and,  instead,  supposes  that  it  is  the  properties  or 
characteristics  of  the  goods  (foods)  from  which  utility  is  derived.  In  this  sense,  consumers 
attain  the  nutrient  characteristics  that  they  most  desire  from  the  consumption  activity  by 
maximizing  utility  as  a  function  of  nutrient  characteristics,  as  opposed  to  food  quantities  in 
classical  demand  theory.  The  consumer  choice  problem  is  then  to  maximize  the  utility  function 
with  respect  to  the  budget  constraint  and  a  set  of  transformation  equations  that  link  nutrient 
availability  to  food  consumption  activities.   However,  this  approach  is  rather  difficult  to 


implement  empirically,  as  Lancaster  recognized,  because  a  nonlinear  programming  problem 
needs  to  be  solved  to  obtained  the  nutritional  implication  of  food  consumption.  Although 
Lancaster's  study  is  a  purely  conceptual  framework,  it  is  a  breakthrough  to  the  classical  utility 
theory.  In  considering  the  literature  review  on  demand  analysis,  his  study  has  led  the  way  to 
many  subsequent  studies  (Brown  and  Schrader,  1990;  Capps  and  Schmitz,  1991;  Chang  and 
Kinnucan,  1991;  Huang,  1996)  and  is  worthy  of  recognition. 

A  recent  study  by  Huang  (1996)  explored  the  linkage  of  the  determinants  for  food 
choice  based  on  consumer  nutrient  availability  using  Lancaster's  "consumption  technology" 
of  consumer  behavior  or  the  linear  characteristic  model,  which  is 

=  £  VJ,-  (2.14) 
where  a^  is  the  amount  of  the  hth  nutrient  contained  in  a  unit  of  the  /th  food,  qj .  Equation 
(2.14)  states  that  the  total  amount  of  one  particular  nutrient  (Oh)  can  be  expressed  as  a  sum 
of  the  /7th  nutrient  contained  in  all  foods.  This  technology  allows  the  transformation  of  food 
demands  into  nutrient  availability,  which  plays  the  central  role  in  Huang's  study.  He  then 
expressed  the  relative  changes  of  consumer  nutrient  availability  as  a  function  of  the  relative 
changes  in  food  prices  and  per  capita  income,  which  is 

d(W£  (E  Vwql/<I>h)dpj/pj  +(E  ^,mahiq,/$h)dm/m 

=ECiJdpJ/pJ+phdm/m'  (215) 


where  =  c3(logqi)/(<?logpj)  is  the  demand  elasticity  of  the  /th  food  with  respect  to  the  jlh 
food  price;  r)im  =  c'(logqi)/c'(logm)  is  the  income  elasticity  for  the  /th  food;  m  is  per  capita 
income  or  expenditure;  Cjj  =  £  ^hfi-J^h  is  a  Price  elast>city  measuring  the  effect  of  the  y'th 
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food  price  on  the  availability  of  the  Mh  nutrient  and  is  the  weighted  average  of  all  own-  and 
cross-price  elasticities,  r^s,  in  response  to  the  jxh  price,  with  each  weight  expressed  as  the 


share  of  each  food's  contribution  to  theMh  nutrient  (ahjq/<I>h)s;  Ph  =  ]C  ^mVl/^h  is  an 

i 

income  elasticity,  which  measures  the  effect  of  income  on  the  availability  of  nutrients,  is  simply 
the  weighted  average  of  all  income  elasticities,  T)ims,  with  each  weight  again  expressed  as  the 
share  of  each  food's  contribution  to  the  Mh  nutrient.  Again,  this  transformation  of  price  and 
expenditure  to  nutrient-price  and  nutrient-expenditure  elasticities  is  based  on  the  assumption 
that  consumers  know  the  proportions  of  various  nutrients  embodied  in  various  food  items,  the 
same  assumption  that  is  used  in  Pitt's  study  (1983). 

A  food  system  composed  of  35  food  categories  and  15  nutrients  was  analyzed  by 
Huang,  and  the  respective  nutrient-price  and  nutrient-expenditure  elasticities  were  reported. 
The  estimated  nutrient  elasticities  have  both  positive  and  negative  signs  when  food  prices 
change,  depending  on  how  price  changes  manifest  themselves  through  own-  and  cross-price 
elasticities.  The  calculated  nutrient  income  elasticities  ranged  from  0. 138  to  0.388. 

As  pointed  out  by  Huang,  there  are  limitations  in  using  disappearance  data  to  derive 
the  elasticities  for  changes  in  the  nutritional  content  of  consumer  diets.  For  example,  the 
nutrition  information  used  in  Huang's  study  is  the  nutritive  values  of  the  edible  portion  of  food 
items  that  do  not  directly  relate  to  the  disappearance  quantities.  Therefore,  the  nutrient 
elasticities  estimated  by  Huang  were  under  the  assumption  that  the  edible  portions  and 
disappearance  quantities  are  identical  which,  if  untrue,  might  result  in  biased  estimates  of 
nutrient  elasticities. 

The  estimated  nutrient-expenditure  elasticities  from  Pitt's  and  Huang's  studies  are 
summarized  in  Table  2-4.  In  Pitt's  ( 1 983)  study,  results  were  presented  for  two  representative 
households.  The  higher  expenditure  household,  labeled  "percentile  25,"  has  a  level  of  per 
capita  food  expenditure  that  is  greater  than  75  percent  of  the  households  sampled,  and  the 
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Table  2-4,  Nutrient  Expenditure  Elasticities  from  Two  Selected  Studies. 


Pitt   Huang 


Nutrient 

Percentile  25 
Expenditure 

Percentile  90 
Expenditure 

Protein 

0.79 

064 

0.277 

Fat 

1.13 

0.79 

0.388 

Carbohydrate 

0.80 

0.81 

0.138 

Calories/Energy 

0.82 

0.78 

0.266 

Calcium 

1.08 

0.65 

0.329 

Iron 

0.60 

045 

0.217 

Thiamin 

0.65 

0.50 

0.257 

Riboflavin 

0.79 

0.58 

0.262 

Niacin 

0.76 

0.71 

0.229 

Cholesterol 

0.306 

Phosphorus 

0.305 

Potassium 

0.321 

Sodium 

0.349 

Vitamin  A 

0.344 

Vitamin  C 

0.337 
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lower  expenditure  household,  labeled  "percentile  90,"  has  a  level  per  capita  food  expenditure 
that  is  greater  than  10  percent  of  the  households  sampled.  In  Pitt's  study,  the  nutrient- 
expenditure  elasticities  ranged  from  0.6  for  iron  to  1.13  for  fat  for  the  25  percentile 
expenditure  group  and  from  0.45  for  iron  to  0.81  for  carbohydrate  for  the  90  percentile 
expenditure  group.  In  Huang's  (1996)  study,  these  nutrient-expenditure  elasticities  ranged 
from  0.138  for  carbohydrate  to  0.388  for  fat.  Surprisingly,  in  Pitt's  study,  the  magnitude  of 
nutrient-expenditure  elasticities  for  poor  households  is  less  than  that  of  wealthier  households. 
Both  positive  and  negative  nutrient-price  elasticities  were  reported  in  these  two  studies. 
Comparing  the  nutrient-expenditure  elasticities  in  these  two  studies,  Pitt's  estimates  are 
relatively  higher  than  Huang's.  The  possible  interpretation  might  be  that  there  are  more  food 
categories  and  nutrients  analyzed  in  Huang's  study,  given  the  adding-up  condition  that 
requires  the  individual  nutrient-expenditure  elasticities  be  relatively  smaller  as  in  Huang's  case. 
However,  it  might  be  a  different  case  that  the  estimates  from  these  two  studies  are  not 
comparable  given  the  fact  that  income  levels,  demographic  variables,  etc.,  are  different 
between  the  United  States  and  Bangladesh. 

Approaches 

Knowledge  of  a  complete  set  of  nutrient-price  and  expenditure  elasticities  is  important 
when  generating  nutrition-oriented  food  policy  and  programs.  However,  as  mentioned  above, 
not  many  studies  have  been  conducted  in  this  particular  area.  Pitt  (1983)  and  Huang  (1996) 
used  the  linear  characteristic  model  to  directly  convert  the  price  and  expenditure  elasticities 
to  the  nutrient-price  and  nutrient-expenditure  elasticities.  However,  this  linear  characteristic 
model  stems  from  the  assumption  that  consumers  have  full  knowledge  about  the  nutritional 
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contents  in  all  food  items  considered.  Moreover,  the  demand  models  that  Pitt  and  Huang  used 
have  no  theoretical  basis. 

On  the  other  hand,  the  hedonic  price  model  is  a  special  case  of  the  household 
production  model  (Deaton  and  Muellbauer,  1980).  That  is  ,  the  shadow  (implicit)  prices  for 
nutrients  can  be  estimated.  Then  the  household's  full  food  cost  or  expenditure  can  be 
expressed  and  solved  as  a  function  of  its  utility,  input  prices,  and  its  capital  stocks. 

The  above  discussion  shows  that,  under  different  assumptions,  the  demand  for 
nutrients  or  the  influence  of  nutrients  on  the  demand  for  food  can  be  modeled  differently.  The 
first  group  of  researchers  (for  example,  Capps  and  Schmitz;  Chang  and  Kinnucan;  Gould,  Cox, 
and  Perali)  assumed  that  nutrients  change  consumers'  tastes  and  preferences;  therefore, 
nutrients  enter  directly  into  the  utility  function  and  are  treated  in  demand  specifications  in  the 
same  manner  as  prices  and  income.  The  second  group  of  researchers  (for  example,  Morgan 
et  al.;  Cook  and  Eastwood;  Eastwood,  Brooker,  and  Terry;  Huffman;  Morgan)  suggest  that 
consumers  demand  nutrients  rather  than  market  foods,  therefore,  shadow  prices  of  nutrients 
can  be  estimated  as  functions  of  the  nutrient  content  of  different  food  items.  The  third  group 
of  researchers  (for  example,  Pitt;  Huang)  derived  the  impact  of  nutrients  on  food  demand 
using  the  physical  relationships  among  nutrient  contents  and  the  food  consumed  and  regular 
demand  relationships  The  fourth  group  of  researchers  (for  example,  Akin  et  al.;  Basiotis  et 
al.;  Chavas  and  Keplinger;  Scearce  and  Jensen)  assume  that  the  demand  for  nutrients  are 
functions  of  household  demographics. 

The  models  used  by  the  first  group  researchers  are  ad  hoc.  For  example,  the 
Rotterdam  demand  system  used  in  the  Capps  and  Schmitz  study  is  inconsistent  with  the  proper 
specification  derived  by  Barten  (1964a);  the  AIDS  model  used  by  Gould,  Cox,  and  Perali  was 


not  derived  directly  from  the  cost  function  specified  by  Deaton  and  Muellbauer;  and  the 
demand  relationship  specified  in  the  Chang  and  Kinnucan's  study  is  not  even  a  demand  system. 

The  assumption  behind  the  models  used  by  the  second  and  the  third  groups  of 
researchers  is  that  consumers  demand  nutrients  directly,  which  involves  the  transformation 
from  market  goods  (food  items)  to  non-market  goods  (nutrients).  The  linear  characteristics 
model  and  the  hedonic  price  models  used  by  these  researchers  are  special  cases  of  the 
household  production  model  proposed  by  Stigler  and  Becker  (1977).  The  household 
production  model  allows  more  flexible  relationships  between  the  demand  for  nutrients  and 
market  goods  than  both  the  linear  characteristics  model  and  the  hedonic  model. 

In  order  to  study  the  impact  of  nutrients  on  the  demand  for  food  and  the  demand  for 
nutrients  themselves,  two  formal  demand  models  will  be  developed  in  this  study.  Under  the 
assumption  that  both  the  quantities  of  foods  and  nutrients  affect  consumer's  utility,  the  general 
(homogeneity,  symmetry,  Coumot  aggregation,  and  Engel  aggregation  conditions)  and  specific 
demand  restrictions  pertaining  to  nutrients  will  be  examined.  A  levels  version  of  the 
Rotterdam  model  will  be  developed  to  incorporate  these  general  and  specific  demand 
restrictions.  In  addition,  a  household  production  model  will  be  developed  to  study  the  derived 
demand  for  nutrients  using  the  estimated  nutrient  shadow  prices. 


CHAPTER  3 
THE  EXTENDED  LEVELS  VERSION 
OF  THE  ROTTERDAM  MODEL 


In  order  to  incorporate  nutrient  variables  in  the  food  demand  systems,  two  approaches 
are  developed  in  this  study.  In  the  first  approach,  it  is  assumed  that  both  food  quantities  and 
nutrients  affect  a  representative  consumer's  utility  function  (Basmann,  1956,  Phlips,  1974). 
As  shown  in  chapter  2,  two  of  the  most  popular  demand  systems  are  the  Rotterdam  model 
and  the  .AIDS.  Using  scaling  technique,  it  is  possible  to  properly  incorporate  nutrient 
variables  in  the  AIDS;  however,  the  resulting  model  becomes  quite  complex  and  difficult  to 
estimate.  In  addition,  the  regular  Rotterdam  model  (defined  in  logarithmic  differences)  cannot 
be  used  with  cross-sectional  data;  therefore,  Barten's  (1989)  levels  version  of  the  Rotterdam 
model  will  be  considered.  In  this  approach,  a  levels  version  of  the  Rotterdam  model, 
extended  with  nutrient  variables,  is  derived.  In  this  model,  the  price,  income,  and  the  own- 
and  cross-nutrient  demand  elasticities  can  be  calculated  directly,  and  the  theoretical 
constraints  —  such  as  adding-up,  homogeneity,  and  symmetry  --  are  preserved. 

The  second  approach  is  based  on  the  household  production  theory  (Becker,  1965; 
Mincer,  1962;  Lancaster,  1966;  Michael  and  Becker,  1973;  Stigler  and  Becker,  1977).  A 
household  production  model  is  therefore  specified  and  will  be  presented  and  discussed  in  the 
next  chapter.  This  chapter,  which  has  five  sections,  mainly  focuses  on  the  extended  levels 
version  of  the  Rotterdam  model.  In  the  first  section,  the  derivation  of  the  extended  levels 
version  of  the  Rotterdam  model  is  shown.  The  estimation  methods  are  then  presented  and 
discussed  in  the  following  section.  In  the  third  section,  data  problems  in  terms  of  estimation 
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are  stated,  and  a  summary  of  data  is  also  provided.  Since  knowledge  of  the  sources  of 
nutrients  is  the  key  to  a  healthy  diet,  basic  nutritional  information  is  presented  in  the  fourth 
section.  In  the  final  section,  estimation  results  from  this  extended  levels  version  of  the 
Rotterdam  model  are  reported  and  summarized. 

The  Derivation  of  the  Extended  Levels  Version  of  the  Rotterdam  Model 
General  Demand  Restrictions 

The  levels  version  of  the  Rotterdam  model  is  based  upon  the  traditional  consumer 
demand  theory,  or  utility  theory.  The  traditional  consumer  demand  theory  assumes  that  a 
typical  individual  maximizes  his  utility  by  consuming  products  subject  to  his  budget 
constraint:  that  is, 

max  u=u(q)  s.t.  p'q  =  m,  (3.1) 
where  u  is  the  utility  function,  p  and  q  are  vectors  of  commodity  prices  and  quantities, 
respectively,  and  m  refers  to  total  expenditure  or  income.  In  general,  q  consists  of  all 
commodity  quantities  consumed  -  such  as  shelter,  food,  clothes,  entertainment,  and 
transportation,  etc.  The  demand  equations  under  the  framework  of  (3  . 1)  have  a  general  form: 

q,  =  q,(P>m).  (3.2) 
which  indicates  that  the  demand  for  an  individual  commodity  is  a  function  of  prices  for  all  n 
commodities  and  total  expenditure  or  income.  Several  restrictions  on  demand  parameters 
implied  by  theory  can  be  derived.  In  particular,  these  restrictions  are  Engel  aggregation  or 
adding-up  condition,  Cournot  aggregation,  symmetry,  and  homogeneity.  The  adding-up 
restriction  (Frisch,  1959)  states  that  the  weighted  (by  the  budget  shares)  sum  of  the  income 
elasticities  is  unity,  which  can  be  written  as 


^2pi(dqi/dm)  =  ^dpiqi/dm=\,  or 

i  i 


(3.3) 


where  qm'  =  [dqj/tPm, . . .,<?qn/<?m],  the  vector  of  commodity  quantity  derivatives  with 
respect  to  income,  cXp^^m  is  the  marginal  propensity  to  spend  on  commodity  /  (or  its 
marginal  budget  share);  wt  =  pjq7m  is  the  average  budget  share  for  the  commodity  /';  and 
X\m=  cXlogq^/cOogm)  is  the  income  elasticity  with  respect  to  qt. 

The  Coumot  aggregation  restriction  expresses  the  weighted  column  sum  of  the  price 
elasticities  as  the  negative  of  the  budget  share  on  the  jth  commodity: 


p'Qp=-q\  or 

Ep,(<?q,/c:pJ)  =  -qJ.  or 

i 

EW T)    =  -W  , 


(3.4) 


where  Qp  is  a  (n  x  n)  matrix  of  the  price  derivatives  of  q;  s ;  and  TV  =  (dogqV^logpp  is  the 
price  elasticity  of  commodity  /  with  respect  to  commodity  j. 

The  symmetry  restriction  simply  states  that  the  matrix  of  compensated  cross-price 
substitution  effect  is  symmetric,  which  follows  by  the  symmetry  of  H  1 ; the  inverse  of  the 
Hessian,  H,  of  the  utility  function  with  respect  to  quantities.  The  Hessian  is 


(Pu^iPq,  c3u2/<?q1<?q2 
c?u  :/c?q2q,  <?u2/<?q22 


eu2/q,aqn 

cu2/dq2qn 


cV'/aq^q,  <?u2/eqn<?q2 


The  symmetry  condition  can  be  written  as 


cV/c>qn2 


(3.5) 


37 

(Qp+qmq')'=<Vqmq''  or 

nij  =  (wj/wi)Tlji-Wj(Tlim-Tljm)I 


where  s-  =  (dqi/dq-)  +(dqJdm)q.  is  the  price  substitution  effect  of  demand  price  slope  with 
utility  held  constant. 

The  homogeneity  condition  implies  that  the  consumer  does  not  exhibit  money  illusion. 
In  other  words,  consumers'  commodity  purchase  decisions  of  commodities  are  made  on  the 
basis  of  relative  prices  and  income:  that  is, 

QPp  =  -qmm> or 

]T)  p^dqJdp^  +  m(cqi/<?m)  =  0,  or 

EsijPj  =  0,    or  (37) 
j 

j 

Note  that  demand  functions,  which  satisfy  the  symmetry  and  the  Cournot  aggregation 
constraints,  are  automatically  homogenous. 

Demand  System  with  Additional  Variables 

Assuming  that  variables  in  addition  to  quantities  affecting  consumer's  utilities,  the 
consumer  choice  problem  can  be  written  as  (Bart en,  1964b;  Phlips,  1974) 

max  u  =  u(q,x)  s.t.  p'q=m,  (3.8) 
where  x  is  a  vector  consisting  of  v  variables  other  than  p,  q,  and  m.  The  demand  equations 
satisfying  (3.8)  have  the  general  form 

qi=qi(p,x,m))  (3  9) 
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indicating  that  demand  for  a  particular  commodity  by  a  utility-maximizing  consumer  depends 
on  the  prices  for  all  n  commodities,  the  total  expenditure,  and  a  set  of  additional  variables 
affecting  the  utility  function. 

The  effects  of  an  additional  variable,  xh,  can  also  be  related  to  the  substitution  effects 
of  price  changes  (Barten,  1964b;  Phlips,  1974),  which  is 

Q  =  ~— ^  S..S...  or 

^  x        ^  t— i    ij   jh ' 

^/axh»-iE(aq,/apJ+(aql/An)q|X3Iu/aqja)[||]1  (3 10) 

i,j  =  l,...,n;  h=l,...,v, 
where  Qx  is  a  (n  x  v)  matrix  of  quantity  derivatives  with  respect  to  variables  x,  that  is, 

(c1qi/c1xh),  /"=  1, . . .,  n,  h=  1, . . .,  v;  Hh  =  c)2u/(c!qjc3xh)  is  the  effect  of  variables  xh  on  the 

marginal  utility  of  commodity / 

Multiplying  both  sides  of  (3. 10)  by  (pjq7m)(xh/qj),  one  has 

(p.qVm)  (dqjdxj  (xh/q,)  =  - ^  (pipj/m)sij[a2u/(cqjexh)]  (xh/APj) 

j 

(Piq7m)  (eiogqi/<?logxh)  =  wi(eiogqj/aiogxh)  =  ^ -7r^jh,  (3.11) 

j 

i,j=l,...,n;  h=l,...,v, 

where        ni}  =  (p^VmJs^        and  =  H^/App  =  [d2u/  (dq}dxh)](\h/Xp})  = 

c3log((?u/c5qj)/<?logxh  =  [<a((?u/(?qj)/c5xh)]  (xh/Apj)  is  the  elasticity  of  the  marginal  utility 
of  commodity  j  with  respect  xh  and  is  assumed  to  be  constant  for  all  commodities,  using  the 
first-order  condition  of  utility  maximization,  Xp-  =du/dq- . 

A  basic  property  of  demand  systems  with  factors  such  as  variables  x  is  that  any 
demand  increase(s)  as  a  result  of  a  change  in  the  factor  must  be  offset  by  a  demand 
decrease(s)  for  other  commodities  as  total  expenditure  remains  unchanged  (for  example,  the 
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Engel  aggregation  or  adding-up  condition).  In  other  words,  this  property  can  be  derived  by 
summing  over  /'  of  (3 . 1 0) 

EPiaq,/(?xh  =  0'  or 

Ewjtflogq/dlogx^O,  «,  =  1,  .,n;  h  =  l,...,v,  (312) 

i 

where  <?1  o  g  q  ( /  <?1  o  g  xh  is  the  elasticity  of  demand  for  commodity  I  with  respect  to  variable  xh . 
Equation  (3.12)  states  that  the  weighted  sum  of  demand  elasticities  for  commodity  /  with 
respect  to  an  additional  variable  is  zero  where  the  weights  are  the  commodity  budget  shares. 

Under  the  framework  of  (3.8),  all  the  theoretically  derived  restrictions  (3.3),  (3.4), 
(3.6),  and  (3.7)  are  indeed  valid  (Phlips,  1974).  Moreover,  an  additional  restriction,  shown 
in  (3.12),  associated  with  the  adding-up  condition  can  be  derived. 

The  Levels  Version  of  the  Rotterdam  Model  with  Additional  Variables 

Bart  en  (1989)  and  Bewley  (1986)  have  recently  developed  demand  models  that  might 
be  characterized  as  levels  versions  of  the  Rotterdam  model.  The  Rotterdam  model  (Barten, 
1964a;  Theil,  1965)  is  generally  specified  in  logarithmic  first  differences  and  is  thus  employed 
for  analyzing  time-series  data.  On  the  other  hand,  the  levels  versions  provide  demand 
researchers  an  alternative  specification  for  analyzing  cross-sectional  data  or  modeling 
dynamics  that  may  be  difficult  to  apprehend  using  first  differences  (Barten,  1989). 

Since  cross-sectional  data  from  the  1987-88  National  Food  Consumption  Survey 
(NFCS)  are  used  for  this  study,  the  levels  version  of  the  Rotterdam  model  is  therefore  used. 
Based  on  equation  (3.9),  a  double-logarithmic  demand  equation  with  an  intercept  term  and 
the  additional  variables  x  can  be  written  as 
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>o6qi  =  a0'+nimlogm  +  X;Tiijlogpj+X!Eihlo8xh. 

J  •>  (3. 1  j) 

i,j  =  l,...,n;  h=l,...,v, 


where  aj0'  is  the  intercept  term;  r\m  =  (<?logqj/<?logm)  is  the  income  elasticity; 
r)jj  =  (c1logqi/<?logpj)  is  the  uncompensated  price  elasticity;  and  eih  =  (dlogqi/<?logxh)  is 
the  demand  elasticity  of  commodity  /  with  respect  to  xh . 

An  alternative  version  of  (3.13)  can  be  obtained  by  using  the  Slutsky  (or 
compensated)  elasticities,  which  have  the  form 

logqi  =  a,o,+Tlim(Iogm-EwJ1oSPJ)  +  EEiJlogPJ+EE,h0gxh' 

j  j  h  (3.14) 

i J  =  1, .  . , n ;  h  =  l,...,v, 

where  ttj  =  +  T^w.  is  the  compensated  or  Slutsk7  price  elasticities  of  commodity  i  with 
respect  to  commodity / 

Using  the  relationship 

•ogm  =  52wj!ogqj+J]wjIogpj-53wjlogwj,    j  =  l,...,n,  (3  15) 

j  j  j 

and  letting  logQ  =     w^ogqj  be  the  Stone  volume  index  and  logP  =  ]P  wJogPj  be  the 

j  j 
Stone  price  index,  equation  (3.14)  can  be  rewritten  as 

logqi  =  ai0'+nimlogQ  +  Eeij,ogPj+Eeih,oSxfc. 

j  h  (3.16) 

i J  =  1 ,  —  n;  h=l,...,v. 

Note  that  the  term  £  wJogw.  in  equation  (3.15)  tends  to  vary  little  and  is  omitted  from 
j 

(3.15)  in  specifying  the  levels  version  of  the  Rotterdam  model  (3.16). 

Multiplying  both  sides  of  (3.16)  by  wf  and  using  H^w.tj^  (  -  p^qViPm),  the 
marginal  propensity  to  spend  on  commodity  /),  TC;.  =  wp.-  (that  is,  the  Slutsky  term  in  the 
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Rotterdam  model),  and  Y,h  =  vv,Eih'  one  obtains  (Aviphant,  Lee,  and  Brown,  1988;  Barten, 
1989;  Brown,  1994,  Selvanathan,  1989;  Theil,  1980): 

Wjlogq^a^logQ  +  J^oSPj  +  EYihlogx,, 

j  h  (3.17) 

i,j  =  l,...,n;  h=  1  v, 

where  aj0  =  wjcci0'.  Therefore,  (3.17)  is  the  levels  version  of  the  Rotterdam  model  with 
additional  variables  x.    The  adding-up  conditions  require  that  £aj0  =  0,  £Pi=1- 

i  i 

E  ~j  -0>    ar>d  EYih"^;  tne  homogeneity  condition  requires  that  £^  =  0,  and  the 

i  i  j 

symmetry  condition  requires  that  ^.  =  71".  Using  relation  in  (3.11),  model  (3.17)  can  be 
written  as 

w1logqi=«1o+hlosQ  +  E7XiJ(logPJ-E^JhloSxh)' 

j  h  (318) 

i,j  =  l,...,n;  h  =  l,...,v. 

Both  models  (3.17)  and  (3.18)  are  specified  in  absolute  price  version.  Equation  (3 . 1 7)  can 

also  be  written  in  the  relative  price  version  using  the  relationships  Jt-  =       -  (pUjUj  = 

Vj.-cpfijii.,  where  (J)  =  (c3logA/cllogm)"1  is  the  reciprocal  of  the  income  elasticity  of 

mareinal  utility  of  income,  or  flexibility  of  income;  u  =(  —  )ppu,J;  X,Pi~M,;  vi,  =  (PHjj  = 

dm    1  1        j     IJ  ' 

(  —  )p  u  ,Jp  ;  and  u  ,J  is  the  (/,_/)th  element  of  H    .  Accordingly,  (3.17)  can  be  rewritten  as 
m  J 


w,1°Sq,  =  «l0+M1logQ  +  (j)E  M,jlog(-^)  +  £Yihlogxh) 


p"  v  ,h     h'  (319) 

i,j  =  l,...,n;  h  =  l,...,v. 


or 


p.  _ 

wilogqi=eci0  +  (iilogQ  +  X)vijIog(^)+2-,Yiillogxh,  (3  2Q) 

i,j  =  l,...,n;  h=  l,...,v, 

where  logP'  =  £    1  o  g  Pj  is  the  Frisch  price  index  of  a  complete  basket  of  n  commodities 

j 

in  the  system.  The  demand  restrictions  are  £  u(=  1 ,  £  tt  =0,  and  £  Jlh  =  Q  for  the 
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adding-up  condition,  £     =  0  for  the  homogeneity  condition;  and     =     (or  V-  =  w ),  or  it»  =  Tt- 
j 

for  the  symmetry  condition. 

Block  Independence  and  the  Conditional  Demand  Equations 

In  general,  a  study  focuses  on  a  particular  commodity  or  group  of  commodities. 
Moreover,  data  beyond  this  particular  commodity  group  are  generally  not  available.  Thus, 
one  might  consider  a  subsystem  analysis  that  can  be  derived  theoretically  from  a  full-system 
demand  model  under  certain  assumptions.  In  many  cases,  the  number  of  consumer  goods  is 
large,  and  the  estimation  of  their  demand  equations  requires  constraints  on  the  utility  function 
in  order  to  deal  with  the  problem  of  degrees  of  freedom.  The  most  frequently  used 
constraints  are  the  separability  assumptions  on  the  utility  function.  The  separation  amounts 
to  combining  goods  into  groups  of  goods  in  such  a  way  that  group  utility  functions  play  a 
role.  This  approach  was  introduced  by  Leontief  (1947)  and  Sono  (1961)  and  was  further 
elaborated  by  Strotz  (1957  and  1959),  Goldman  and  Uwaza  (1964),  Barten  and  Turnovsky 
(1966),  and  Gorman  (1959  and  1968).  Geary  and  Morishima  (1973)  provided  a  good  survey 
of  the  literature  until  1970. 

As  data  for  commodities  other  than  food  are  not  available  in  the  1987-88  NFCS,  the 
assumption  of  block  independence  is  used  in  this  study  to  derive  a  sub-demand  system  for 
food.  Block  independence  assumes  that  the  marginal  utility  of  a  commodity  in  a  group  is 
independent  of  the  quantities  of  commodities  that  do  not  belong  to  the  same  group.  Formally, 
assume  that  there  are  F  (<  n)  groups  of  commodities,  G,,  .  .  .,  GF,  such  that  each 
commodity  belongs  to  exactly  one  group  and  that  the  additional  variables  x,  the  nutrient 
variables,  only  affect  the  utility  of  the  food  group,  uF.  Then,  the  utility  function  under  the 
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assumption  of  block  independence  can  be  written  as 

u=u|(q,)+u2(q2)  +  ...+uF_1(qF_,)+uF(qF,x),  (3.21) 
where  qp  .  .  .,  qF  represents  the  commodity  quantity  for  groups  1,  .  .  .  ,  F,  respectively;  u, , 
. .  .,uF  are  the  associated  utilities  or  subutilities  derived  from  consuming  these  commodities; 
and  x  is  a  (nF  x  H)  matrix  of  nutrient  variables:  that  is, 

j  =  l,...nF;  h=l,...,H.  (3.22) 

xjh  is  the  nutrient  h  embodied  in  food  j,  nF  and  H  are  the  number  of  food  commodities  and 
nutrients,  respectively,  in  the  food  group  GF.  Equation  (3.21)  simply  expresses  that,  under 
the  assumption  of  block  independence,  the  utility  a  representative  consumer  can  obtain  is  the 
sum  of  all  subutilities  derived  from  the  different  commodity  groups  that  he  consumes. 

The  advantage  of  block  structures  is  that  the  expenditure  allocation  for  the  group  in 
question  is  irrelevant  from  other  groups,  or  that  a  consumer's  utility  in  (3.21)  is  maximized 
as  subutilities  uf,/=  1,  .  .  .,  F,  are  maximized.  In  this  sense,  two-stage  budgeting  can  then 
be  applied,  and  a  conditional  demand  for  an  individual  food  item  within  the  food  group  can 
be  derived  (Theil,  1976,  Deaton  and  Muellbauer,  1980).  For  the  two-stage  budgeting, 
information  confined  to  that  stage  only  is  required  at  each  stage.  At  the  first  stage,  given 
knowledge  of  total  expenditure  and  appropriately  defined  group  prices,  allocation  among 
groups  is  possible;  while  at  the  second  stage,  individual  demands  are  functions  of  food  group 
expenditure  and  prices  within  the  food  group  only.  Both  of  these  allocations  ought  to  be 
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perfect  in  the  sense  that  the  results  of  two-stage  budgeting  must  be  identical  to  what  would 
happen  if  the  allocation  were  made  in  one  step  with  complete  information.  In  short,  the  two- 
stage  budgeting  results  from  the  assumptions  of  separability  such  as  (3.21),  which  impose 
restrictions  on  the  consumer's  behavior  (that  is,  the  utility  function),  is  the  key  ingredient  to 
success  of  the  subsystem  analysis. 

Under  the  assumption  of  block  independence  (3.21),  the  substitution  effect,  or  the 
third  term  on  the  right-hand  side  (RHS)  of  (3.17),  can  be  classified  by  its  two  different 
sources:  one  is  the  substitution  effect  within  the  food  group,  ]P  TrJogPj,  and  the  other  is 

j?GF 

substitution  effects  from  other  groups,  ^  uJogp  .  Recall  that  rtr  =  4>|ij.  - <f>Hjfi .  Block 

jeGF 

independence  implies  ^=0  VieGF,  jffGF.  First,  rearranging  the  substitution  effect  within 
the  food  group,  one  obtains 

£  Vogpj  =  £  (^-(JJUjUpiogPj 

jfGF  j=Gp 

=<!>£  uiJ1ogpJ-<K£  MjiogPj, 

jeGF  j?GF 

where  p}  is  the  price  for  the  yth  food  item  in  the  food  group.   Then,  rearranging  the 

substitution  effects  from  groups  other  than  food  using  the  relationship  Jtr  =  -  (^u^,  note  that 

Ujj  vanishes  when  goods  /'  and  j  belong  to  different  commodity  groups  under  the  assumption 

of  block  independence.  (Recall  that  <$>\i-  =  (  —  )p  u  1Jp.;  u  ij  is  the  (/,y)th  element  of  H"1;  and  u  ij 

'     m  ' 

vanishes  as  i  and  j  belong  to  different  commodity  groups.  Thus,  (j)^.  equals  zero,  and  u^ 
equals  zero  given  that  §  does  not  equal  zero.)  One  obtains  that 

£  VogPj  =  £  (-<t>MiMj)logpj 

-cK^logp,.  ^ 

jeGp 

Combining  these  two  substitution  terms  in  (3.23)  and  (3.24),  one  obtains 
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E  v°8pj+£  nij,o8Pj 

=  <f>E  M.jlogPj-^n.J]  Mjloga-^M,^  ulogp. 

j?°F  JfGF  j*oF  (3.25) 

n 

J?GF  j  =  i 


Plugging  (3.25)  into  equation  (3.17),  using  the  restriction  u(  =  £  ur,  replacing./  = 

jfGF 


1  by  k  -  1,  and  rearranging  terms,  one  can  obtain 


j?GF  k=l 

+  E  E  Yijhlogx  (3.26) 

jsGF  h?GF 

E  Mi^u,;  i,j=l,...,nF;  h  =  l,...,H, 
jeOF 


where  the  nutrient  variables  xjh  are  defined  in  two  dimensions  that  differ  from  the  case  in 
models  (3. 17)-(3.20)  in  which  x  is  defined  in  one  dimension. 

Note  that  in  the  model  (3.26)  the  Stone  volume  index  (logQ)  and  Frisch  price  index 
(logP')  are  not  confined  to  the  food  group,  the  estimation  of  (3.26)  requires  knowledge  of 
commodities  outside  the  food  group.  Therefore,  a  conditional  demand  subsystem  (Theil, 
1976),  which  consists  of  only  the  variables  pertaining  to  the  food  group,  needs  to  be  derived. 

Several  notations  in  terms  of  food  group  need  to  be  defined  before  the  conditional 
demand  function  can  be  derived.  They  are 
w 


losQF  =  E  T^-'ogq,.   where  WF=  £  W),  and 


_   u  (327) 

loSPF'  =  E -rrloSP,.   where  Mf=£ji 

icGF  MF  irGp 


or 
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By  summing  (3.26)  over  /  e  GF,  one  obtains  a  composite  demand  for  the  food  group, 

n 

E  wiloeq,  =  E +  E  M.iogQ + (}>  E  E  m,j  ( logp,  -  E  Mkiogpk ) 

*.E.EEYijhlogV 

ieCiF  jsGF  keCc 

i,j  =  l,...,nF;  h=  1,...,H, 


WFlog  QF  =  aF0  +MFlog  Q  +d)MF(Iog  PF'  -  £  uklog  pk) 

+  EEy>SV  (3-29) 

jsGF  heGf 


whereaFo=E  aio  and  Y,'h=E  Yi 

i?Gc  i?( 


i,...,nF;  h  =  l,...,H, 
ijh- 

Multiplying  (3.29)  by  u,/MF  for  /  e  GF,  given  that  u7MF  exists  (because  MF  >  0 
holds  under  block  independence),  one  obtains 

(Mi/MF)WFIogQF=(Mi/MF)oFO  +  nilogQ+4>Mi(logPF' 

n 

-E^'ogPk)  +  (h/MF)E  E  Y!jhlogxijh,  (3.30) 

k  =  l  jrGF  h?GF 

i,j  =  l,...,nF;  h  =  1  ,...,H. 
After  arrangement  of  terms,  subtracting  (3.30)  from  (3.26)  and  using  d)]P     =  d)uj  (because 

ifGF 

of  block  independence),  one  can  obtain  the  conditional  demand  for  an  individual  food  item 
within  the  food  group,  which  is 

wilogqi  =  af0+(Mj/MF)WFlogQF  +  ({)^  u^log p} -log P/) 

jfGF 

+  E  E(Yljh-(H,/MF)Y!jh)logxjh,  (3.31) 

jrGp  ht'Gp 

i,j  =  l,...,nF;  h=l,...,H; 
wi 1 0  S =  "fo +  ( Mi / MF ) Wf  1 0 8  QF  +  E  A 1 0  S  Pj 

J'Gp 

+  E  E  Y,jhlogxjh,  (3.32) 

jcGp  hf  GF 

i,j  =  l,...,nF;  h=  1,...,H, 
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Wilogqrafo+CMi/MfJWplogQp+E  Trf^logp.  -  £  £  CJghlogx  .), 

jcoF  1*0,1*0,  (3.33) 

i,j,g  =  l,...,nF;  h=l,...,H, 
wherea^Ca^-Cn/MpJapo);  or 

<t>£  Hij(logpj-logPF')=  (J)^  M.jlogPj-^M.E  (M/Mpjlogpj  =  £  njjlogpj,  using 

jeGF  j?GF  jeGF  jeGp 

2^  Py  =  Pj .  This  means  that 

7i1j  =  (j)pjj-(ppjPj/MF  =  (ppjj-(j)MF(pi/Mp)(pj/MF)  is  the  conditional  Slutsky  coefficient; 
£  Y,jh=E  (Yljh-(p/MF)Y!jh) 

ieGp  ieGp 

=  £  (Yljh-(P,/MF)E  Yijh) 

ieGp  ieGp 
ieGp  ieGp  i=GF 

=  E  Yijh-(MF/MF)E  Yljh 

ieGp  ieGp 

=  0, 

expressing  that  the  sum  of  weighted  demand  elasticities  of  food  item  /  with  respect  to  the  Inh 
nutrient  contained  in  the  y'th  food  item  is  equal  to  zero.  In  other  words,  the  increase 
(decrease)  in  demand  for  a  food  item  caused  by  any  factor  will  be  compensated  by  a  decrease 
(increase)  in  demand  for  other  food  items  in  the  food  group  as  a  whole.  This  is  the  adding-up 
condition  that  (3.12)  implies. 

A  comparison  of  (3.32)  and/or  (3.33)  with  (3.26)  shows  that  the  same  variable  is 
shown  on  the  left  side  but  that  the  two  indexes  pertaining  to  the  consumer's  budget  as  a 
whole,  logQ  =E  Wj'ogQi  ar,d  logP'  =  E  M-Jogpk,  do  not  appear  on  the  right-hand  side 

i  k 

of  (3.32)  and/or  (3.33).  In  fact,  the  variables  of  (3.32)  and/or  (3.33)  are  exclusively 
pertaining  to  the  group  GF  where  the  /'th  food  item  belongs.  Therefore,  (3.32)  and/or  (3.33) 
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is  the  conditional  demand  equation  of  the  /th  commodity  given  the  demand  for  GF,  that  is, 
under  the  assumption  of  block-independence.  In  (3.32)  and/or  (3.33),  the  real  income  term 
is  replaced  by  WFlogQF,  which  can  be  interpreted  as  the  volume  component  of  the  budget 
share  of  food  group,  WF,  and  the  contribution  of  the  food  group  to  the  logarithm  of  real 
income,  logQF.  The  price  logarithm,  logpj,  is  deflated  by  the  Frisch  price  index  of  the  food 
group,  logPF',  not  by  the  Frisch  price  index  of  the  complete  basket,  logP'  as  occurs  in 
(3.26)  The  price  coefficients  are  the  same  in  (3.26)  and  (3.32)  and/or  (3.33),  but  the 
marginal  share  \i{  of  (3.26)  is  replaced  by  the  conditional  marginal  share  uVMF  in  (3.32) 
and/or  (3.33).  The  latter  share  answers  the  question:  If  income  increases  by  one  dollar  so  that 
the  amount  spent  on  the  food  group  increases  by  MF  dollars,  what  proportion  of  these  MF 
dollars  is  allocated  to  the  rth  food  item?  Under  the  model  (3.32)  and/or  (3.33),  the  adding-up 
condition  implies  that   X^a^O;    X!^/MF=1;    £  nii  =  ®>  an^        Yijh =  ^  ^ne 

ifGp  i?Gp  ieGp  ieGp 

Ttjj  =  0 .  Let  II  =  [  TCjj  ] ,  which  is  symmetric  and  negative  semidefinite 
of  rank  (nF  -  1),  where  nF  is  the  total  number  of  food  items  in  the  food  group. 

However,  given  the  fact  that  data  other  than  food  commodities  are  not  available  from 
the  1987-88  NFCS,  w,  =  pf\t  I  m  is  consequently  not  attainable  because  total  expenditure  m 
is  not  recorded.  A  modification  to  this  model  is  required  so  that  every  variable  belongs  to  the 
food  group.  This  modification  can  be  made  by  dividing  both  sides  of  equation  (3  .32)  and 
(3.33)  with  WF.  Let  Wj'  -w./Wr,  Mi' =  U7MF,  $  =  y^=  YJh/WFl  and*,'  = 

p 

71^/ WF.  Then,  (3.32)  and  (3.33)  can  be  written  as 

Wi'logq^c^  +  Hj'logQp  +  <j>*J]  MijOogPj-logP/) 

j(GF 

+  E  £  Yijhlogxjh,  (3.35) 

jr GF  hrGp 

U  =  1  nF;  h=l  H, 


or 
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Wj'logq^a^n.'logQ^  £  ^loga*  £  £  Yijh'°SXjh, 

jf  GF  jeOFheGF  (3  36) 

i,j  =  l,...,nF;  h  =  l,...,H, 


and 


wi'logqi  =  a,'0  +  n*logQF+ J]  ^(log^  -  £  £  £jghlogxgh), 

jeGF  g6GFheGF  (3.37) 

i,j,g=l,...,nF;  h=l,...,H, 
where     =  a,F0/WF.  Note  that  every  variable  in  equations  (3.35)-(3.37)  pertains  to  the  food 
group.  They  are  the  conditional  demand  equations  for  individual  food  items  within  the  food 
group. 

Recall  that  equation  (3.10)  states  that  the  effects  of  additional  variables  can  be  related 
to  the  substitution  effects  of  price  changes.  In  context  of  this  study,  it  can  be  written  as 

Q  =  _—  ^  S-H  .,  or 

AjeGF 

5q/axgh=-|E  (^q/cJpJ+(aqi/am)qjxa2u/aqjc\6h), 

AjeGp 

i,j,g=  l,...,nF;  h  =  1,...,H. 
Restrictions  can  be  imposed  on  the  structure  of  [£jgh],  a  matrix  of  (nF  x  npH).  Equation 
(3  .38)  can  be  used  to  reduce  the  number  of  parameters  to  be  estimated  in  the  demand 
subsystem.  Theil  (1980)  and  Duffy  (1987,  1989,  1990)  assumed  £jgh  -  0  fory  *  g,  that  is, 
nutrients  from  food  group  g  do  not  have  impact  on  the  marginal  utility  of  food  group  j.  In 
this  case,  (3.38)  can  be  written  as 

aqi/axjh  =  4(c)qi/c'pj+(aqi/d'm)qj)(a2u/aqjaxjh),  <3  39> 

A 

U  =  1  nF;  hei- 

or 
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wi(aiogqj/aiogxjh)=YUh  =  -itl^ijh,    ij  =  l,...,nF;  hej,  (3.40) 
using  the  first-order  condition,  du/dq-  =  Apjt  for  utility  maximization,  where  7^=  (p;  p^  / 

m)sjj,   the  conditional   Slutsky  coefficient  of  the  Rotterdam  model;  and    IL  = 

8[log(c1u/8qj)]/cilogxjh,  the  elasticity  of  the  marginal  utility  of  good  j  with  respect  to  its 

own  nutrient  contents  if  g  -j. 

Dividing  equation  (3.40)  by  WF  and  imposing  this  restriction  on  models  (3.36)  and 

(3.37),  one  obtains 

wi'logq,  =  a;0  +  u;iogQF+£  ^jlogp^E  EYijJc-gx 

jfGF  jeGF  h  (341) 

i,j  =  l,...,nF,  hej, 

and 

< 1  °S  Qi  =  a,o +  Hi'  I og  QF  +  £  <j ( 1  °S  P;  -  £  Snh1  °S  x,h) ■ 

h  (3.42) 

i,j  =  l,...,nF;  hej. 

Note  that  (3.41)  and  (3.42)  are  the  conditional  demand  equations  for  individual  food  items 
in  the  food  group  under  the  assumptions  that  the  marginal  utility  of  a  food  item  is  independent 
of  the  quantities  of  commodities  that  do  not  belong  to  the  food  group  and  that  the  matrix  of 
the  impacts  of  nutrient  variables  on  the  marginal  utility  of  food  quantities  are  diagonal,  that 
is,  Hjgh  =  0  for/'  *  g.  The  number  of  nutrient  coefficients,  Yijhs,  that  need  to  be  estimated  in 
(3.41)  is  greatly  reduced  as  compared  to  (3.36). 

In  this  study,  the  o^s,  nfs,  ^"s,  andy,]hs  (and  thus  Lhs)  are  assumed  to  be 
constants  The  interpretation  of  y  jh  is  straightforward.  If  y--h  is  greater  than  zero,  then  there 
is  a  complementary  relationship  between  the  demand  for  food  item  /'  and  nutrient  h  from  food 
iteny;  on  the  other  hand,  if  is  negative,  then  there  is  a  competitive  relationship  between 
the  demand  for  food  item  /  and  nutrient  /;  from  food  item  j\  and  if      is  zero,  then  there  is 
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no  impact  of  nutrient  h  from  food  item  j  on  the  demand  for  food  item  i.  Moreover,  the 
nutrient  elasticity  of  food  demand  can  also  be  calculated  from  (3.41),  a  levels  version  of  the 
Rotterdam  model  under  the  structure  of  block  independence.  For  example,  Y^/Wj  is  the 
conditional  nutrient  elasticity  of  nutrient  h  from  food  item  j  for  the  demand  for  food  item  /. 
The  last  term  on  the  RHS  of  equation  (3.42)  can  be  written  as 

logp/^logPj-J^jjJogXjh) 

hfJ  f  (3.43) 

-logcpj/n^), 
h?j 

which  can  be  viewed  as  the  perceived  price  of  food  item  j  adjusted  by  h  nutrients  embodied 

in  the yth  food.  Technically,  the  impact  of  a  change  in  x    on  p'  can  be  expressed  as 

jh  j 

<?logPj"/dlogXjh  =  -^h.  If  F  is  positive  or  x^Jh  is  greater  than  one,  then  an  increase  in 
nutrient  h  in  food  item  j  decreases  the  price  perceived  by  the  consumer  for  food  item  /  In 
other  words,  for  a  given  market  price,  a  valuable  nutrient  results  in  a  lower  "perceived"  price 
and  thus  increases  the  demand  of  the  respective  food  item.  On  the  other  hand,  when  £jjh  is 
negative  or  x^,jh  is  less  than  one,  an  increase  in  the  nutrient  h  embodied  in  food  item  j 
increases  the  "perceived"  price  and  decreases  the  demand  for  the  food  item /  In  other  words, 
if  a  consumer  or  a  household  considers  the  nutritional  attributes  valuable,  his/her  perceived 
price  of  the  food  item  in  question  is  lower  than  the  actual  price,  which  increases  the 
consumption  of  the  food  item,  and  vice  versa. 

Estimation 

In  this  study,  a  system  approach  is  used  to  estimate  both  models  (3.41)  and  (3.42). 
Note  that  the  disturbances  in  (3.41)  and  (3.42)  are  mutually  correlated.  Suppose  there  are 
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n  equations  with  T  observations  in  the  system  in  question,  then  this  system  of  equations  can 
be  represented  as 


y2 


x,  o 
o  x, 


o 

0 


0    0  . 


p, 

p2 


Pn 


(3.44) 


where  y,  is  a  (T  x  1  )  vector;  X,  is  a  (T  x  kf)  matrix;  p,  is  a  (k;  x  1)  vector;  and  e,  is  a  (T 
x  1  )  vector,  /'  =  1, .  .  .,  n. 

An  alternative  representation  of  equation  (3  .44)  is 

y  =  Xp+e,  (345) 
where  y  is  a  (nT  x  1)  vector;  X  is  a  (nT  x  K)  matrix;  P  is  a  (K  x  1)  matrix;  and  the  dimension 
of  e  is  (nT  x  1).  Note  that  K  =  £  kj.  In  this  case  of  correlated  disturbances,  the  variance- 

i 

covariance  matrix  is  assumed  as 


or 


£(6,6/)  =  0ijIT     i,j  =  l,...,n, 

Q  =  E(ee') 

E(eie/)  £(€,€/)  .  .  . 

E(e2e/)  E(e2e2')  .  .  . 


(3.46) 


E(MB') 


E(€„e/)  E(en620  .  .  .  E(eneJ) 


(3.47) 


or 
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Q 


°llIT  °I2IT 

o2)IT  o22IT 


°.nIT 


^l1!  On:1! 


O  I- 

nn  T 


=  £  ®  I, 


(3.48) 


where  IT  represents  a  (T  x  T)  identity  matrix.  ot-  is  the  covariance  of  the  disturbance  of  the 
rth  and  the yth  equation,  which  is  assumed  to  be  constant  over  all  observations.  This  system 
of  n  equations  is  thus  called  a  system  of  seemingly  unrelated  regression  equations  because  of 
these  subtle  links  between  equations.  Note  that  generalized  least  squares  (GLS)  and 
maximum  likelihood  (ML)  methods  collapse  to  OLS  estimation  when  the  same  regressors 
appear  in  each  equation,  all  of  the  parameter  estimates  are  best  linear  unbiased  (Kmenta, 
1971;  Bewley,  1986;  Theil,  1971).  Furthermore,  the  ratio  of  the  OLS  estimate  to  its  standard 
error,  given  by  the  square  root  of  the  relevant  diagonal  element  of 

EOLS®  (XXr1.  (3.49) 
is  /-distributed.  Note  that  the  standard  errors  produced  in  the  ML  procedure  are  biased  since  EML 
is  formed  using  the  divisor  T  rather  than  (T  -  k)  (where  k  =  k,  =  .  .  .  =  kn  given  the  regressors 
are  the  same  for  each  equation)  (Bewley,  1986).  In  this  study,  the  same  regressors  appear 
in  each  equation  in  models  (3.41)  and  (3.42)  Therefore,  the  OLS,  GLS,  and  ML  estimators 
are  expected  to  be  identical  for  models  (3.41)  and  (3.42). 

However,  in  addition  to  the  correlation  of  disturbances  between  equations  in  the 
system,  some  linear  constraints  --  such  as  homogeneity  and  symmetry  of  parameters  --  also 
exist  in  the  systems  (3.41)  and  (3.42).  If  there  are  q  such  linear  restrictions  in  this  system,  and 
they  can  be  written  in  matrix  notation  as 
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RP  =  r-  (3.50) 
where  r  is  known  q-element  vector;  R  is  a  known  matrix  of  full  row  rank  of  an  order  (q  x  k). 
Then,  the  best  linear  unbiased  constrained  GLS  coefficient  estimator  is 


Pgls  =  Pcls  +  Cr'(RCR')  *(r-RPGLS), 
where 

C  =  (X'Q-'X)1  and 


(3.51) 


PCLS  =  CX'Q  »y  =  [X'(  2"1  ®  OXJ  'X^S-'  ®  I)y, 

with  the  variance-covariance  matrix 

Var(PCLS*)  '[C-CR'CRCRVRC].  (3  52) 

The  models  expressed  in  equations  (3.41)  and  (3.42)  are  allocation  models.  An 
allocation  model  is  a  system  of  equations  purporting  to  explain  the  distribution  of  a 
predetermined  aggregate  among  its  components.  The  system  must  satisfy  the  constraint  that 
the  sum  of  the  individual  components  equals  the  aggregate.  In  consumer  demand,  total 
expenditure  is  distributed  among  various  goods,  depending  on  their  prices.  The  common 
theme  that  links  all  allocation  models  is  the  existence  of  an  overriding  identity  that  ensures  the 
sum  of  the  components  equals  the  predetermined  aggregate.  Since  the  data  for  an  allocation 
model  naturally  obey  this  identity,  the  implication  for  model  specification  is  that  the 
components  predicted  or  implied  by  the  model  exactly  sum  to  the  predetermined  aggregate. 
This  rule,  which  governs  the  specification  of  an  allocation  model  is  known  as  the  adding-up 
criterion.  That  is,  in  the  levels  versions  of  the  Rotterdam  models  (3.41)  and  (3.42),  the  sum 
oftheLHS,  Wj'Iogq,  (/e  GF),  equals  the  sum  of  RHS,  logQF. 

Given  the  fact  ei  =  0  (Bewley,  1986)  derived  from  the  adding-up  criterion,  and  from 
(3.48),  one  can  derive  that 

Si  =  T-'E(e/e)i  =  T1E(e/ei)  =  0,  (3.53) 
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where  0  is  an  n  x  1  null  vector.  This  identity  demonstrates  that  the  disturbance  covariance 
matrix  is  singular.  Since  S  is  singular,  neither  the  generalized  least  squares  (GLS)  nor  the 
maximum  likelihood  (ML)  estimation  can  be  applied  to  the  full  system  in  the  usual  manner. 

In  order  to  compute  GLS  or  ML  estimates,  it  is  necessary  either  to  delete  one 
equation  before  estimation  (the  estimates  for  the  omitted  equation  can  be  derived  from  the 
adding-up  restriction)  or  to  modify  the  estimator.  If  the  omitted  equation  contains  all  of  the 
regressors  in  the  system  --  that  is,  a  residual  equation  --  ML  (Oberhofer  and  Kmenta,  1971) 
and  GLS  (Barten  1969;  Schmidt,  1976)  results  from  the  subsystem  estimator  are  compatible 
with  the  adding-up  restrictions.   Kmenta  and  Gilbert  (1968)  showed  that  an  iterative 
procedure  (call  this  procedure  the  iterative  Zellner  efficient  method,  IZEF),  which  can  be  used 
to  obtain  pcLS  in  (3.51),  commences  with  an  estimate  of  the  covariance  matrix  based  on  OLS 
at  the  beginning,  which  results  in  the  Zellner's  two-stage  aitken  estimates  (ZEF,  which  is  a 
generalized  least-squares).    Thereafter,  the  Zellner's  two-stage  aitken  estimates  of  the 
regression  coefficients  can  be  used  for  calculating  a  new  set  of  residuals  leading  to  a  new 
estimate  of  Q.  In  essence,  the  first  step  of  IZEF  is  GLS  (or  ZEF)  and  the  converged  value 
is  ML.  All  of  the  steps  in  IZEF  are  equally  efficient  in  an  asymptotic  sense  and  the  small 
sample  properties  of  the  estimators  have  not  yet  been  fully  explored.  Since  the  GLS  (or  ZEF) 
estimates  are  asymptotically  efficient  while  the  ordinary  least-squares  estimates  are  not,  one 
would  expect  the  IZEF  estimates  to  be  superior  to  GLS  (or  ZEF)  estimates. 

Therefore,  models  (3.41)  and  (3.42)  can  be  estimated  with  both  homogeneity  and 
symmetry  restrictions  using  the  IZEF  procedure.  If  iterated  seemingly  unrelated  least  squares 
is  adopted  as  the  estimation  method;  upon  convergence,  the  obtained  maximum  likelihood 
parameters  are  invariant,  regardless  to  which  share  equation  is  dropped. 
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Data 

Data  Problems 

Demand  systems  estimation  increasingly  makes  use  of  household-level  microdata.  As 
analyzing  the  household-level  microdata,  a  problem  usually  arises  when  the  sample  contains 
observations  in  which  expenditures  on  one  or  more  goods  are  zero.  Although  the  economic 
and  statistical  theory  underlying  the  estimation  of  systems  of  demand  function  is  well- 
developed,  no  standard  method  has  developed  to  solve  this  problem. 

Household  food  consumption  data  collected  in  the  1987-88  National  Food 
Consumption  Survey  (NFCS)  are  used  in  this  study.  The  sample  of  the  1987-88  NFCS  has 
a  total  of  4,273  observations  (the  number  of  housekeeping  households  --  there  are  4,495 
households  recorded  in  the  data  set,  and  it  has  been  suggested  that  only  the  housekeeping 
households  be  used  for  analytical  studies),  among  these  observations,  118  had  zero 
consumption  either  in  one  or  more  food  groups.  In  other  words,  2.8  percent  of  total 
observations  had  zero  consumption. 

Given  the  fact  that  not  every  household  consumes  something  in  every  category  and 
that  demand  is  constrained  to  be  nonnegative  in  an  n-dimension,  several  studies  have 
developed  methods  to  deal  with  zero  expenditures  in  demand  estimation.  Houthakker  (1954) 
initially  recognized  the  nonnegativity  constraint  and  treated  it  as  a  special  case  of  rationing. 
Wales  and  Woodland  (1983)  and  Lee  and  Pitt  (1986)  explored  the  econometric  implications 
of  this  constraint  based  upon  the  Kuhn-Tucker  conditions  for  nonnegativity.  Ransom  (1987) 
pointed  out  the  relationship  between  the  Wales-Woodland  model  and  the  simultaneous 
equation/limited  dependent  variable  model  of  Amemiya  (1974).  Heien  and  Wessells  (1990) 
followed  Lee's  approach  (1978)  for  the  first-stage  estimation  and  then  used  the  inverse  Mills 
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ratio  to  correct  for  selectivity  bias  in  the  share  equations.  Other  models  for  dealing  with  the 
zero  observations  problem  have  been  proposed  by  Deaton  and  Irish  (1984);  Kay,  Keen,  and 
Morris  (1984);  Keen  (1986),  and  Blundell  and  Meghir  (1987).  These  models  are  based  on 
the  discrepancy  between  observed  expenditure  and  actual  consumption. 

Lee  (1978)  generalized  the  two-step  Amemiya  (1974)  estimator  into  a  simultaneous- 
equation  model,  which  consists  of  observable  continuous  endogenous  variables,  unobservable 
latent  endogenous  variables  with  dichotomous  indicators,  and  limited  and  censored  dependent 
variables.  The  number  of  equations  is  arbitrary,  and  tobit,  probit,  and  censored  models  are 
special  cases  of  this  general  model.  Lee  showed  that  the  two-stage  estimators  resulting  from 
this  procedure  are  asymptotically  more  efficient  than  the  two-stage  estimators  proposed  by 
Nelson  and  Olsen  (1978)  and  Heckman  (1978).  In  other  words,  Lee's  two-stage  estimator 
might  be  used  in  the  case  when  the  sample  consists  of  a  portion  of  zero  consumption  of  one 
or  more  goods.  However,  one  should  note  that  Lee's  model  is  not  an  allocation  model  and 
the  Mills  ratios  in  Lee's  approach  are  assumed  to  be  independent  from  one  another. 
Therefore,  if  Lee's  approach  is  used  to  estimate  allocation  models,  some  ad  hoc  specification 
problems  might  arise. 

Wales  and  Woodland  (1983)  developed  two  models  of  consumer  demand  that 
explicitly  allow  expenditure  on  one  or  more  goods  to  be  zero  for  a  significant  proportion  of 
a  random  sample.  The  first  model  is  based  upon  the  Kuhn-Tucker  (195 1)  conditions  for  the 
maximization  of  a  utility  function  subject  to  the  budget  constraints  and  assumes  that 
preferences  are  random  over  the  population.  By  assuming  that  preferences  are  random  over 
the  population,  the  density  function  for  the  consumption  vector  of  an  individual  drawn  from 
the  population  can  be  derived  using  the  Kuhn-Tucker  conditions  directly.  The  second  model 
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assumes  that  preferences  are  non-random  and  is  an  extension  of  a  limited  dependent  variable 
model  of  the  type  developed  by  Tobin  (1958)  for  the  case  of  a  single  equation  and  by 
Amemiya  (1974)  for  a  set  of  equations.  The  second  model  corresponds  more  closely  to  the 
traditional  approach  to  econometric  estimation  of  systems  of  demand  functions.  An 
individual's  observed  consumption  vector  is  assumed  to  be  the  sum  of  the  utility-maximizing 
consumption  vector,  obtained  without  regard  to  nonnegativity  constraints,  and  a  vector  of 
random  disturbances  which  have  a  truncated  distribution.  This  truncation  allows  the  observed 
vector  to  involve  zero  expenditures  on  one  or  more  goods. 

Using  the  data  on  Australian  meat  consumption,  Wales  and  Woodland  employed  a 
quadratic  utility  function  for  the  Kuhn-Tucker  approach  and  a  Stone-Geary  utility  function 
for  the  Amemiya-Tobin  approach  to  derive  two  demand  models.  Wales  and  Woodland 
concluded  that  the  empirical  results  were  not  very  sensitive  to  the  models  used.  This  is  an 
expected  outcome  due  to  the  fact  that  both  methods  involve  the  same  degree  of  complexity 
in  terms  of  estimation  technique,  for  example,  evaluation  of  the  bivariate  normal  distribution 
function,  in  their  case  for  three  commodities,  provides  no  basis  for  making  a  choice  between 
them.  Finally,  they  admitted  that  these  two  models  are  restricted  to  systems  with  a  small 
number  of  goods  because  of  computational  complexity  although  they  are  theoretically 
applicable  for  any  number  of  goods. 

Lee  and  Pitts'  approach  (1986)  uses  virtual  prices,  which  are  dual  to  Kuhn-Tucker 
conditions,  to  select  the  set  of  goods  consumed  -  the  demand  regime  -  and  to  transform 
binding  nonnegativity  constraints  into  nonbinding  constraints.  It  has  the  advantage  of 
permitting  the  use  of  indirect  cost  and  utility  functions,  such  as  the  translog,  and  the  analytic 
decomposition  of  demand  effects  for  goods  at  the  nonnegativity  limit. 
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The  main  theme  of  Lee  and  Pitts'  (1986)  study  is  that  consumers  choose  commodities 
to  consume  as  they  perceive  the  virtual  prices  (reservation  or  shadow  prices)  of  commodities 
to  be  greater  than  their  market  prices.  Lee  and  Pitt  proved  that  the  Kuhn-Tucker  conditions 
are  equivalent  to  the  consumer  consumption  decision  that  is  governed  by  the  virtual  prices. 
Lee  and  Pitts'  approach  is  theoretically  appealing;  the  empirical  implemention  of  their 
approach  is  however  troubled  by  the  computational  complexity  of  maximizing  the  likelihood 
function.  For  example,  in  the  case  of  the  translog  demand  system,  estimation  would  require 
numerical  integration  involving  multiple  probability  distributions.  The  problem  is  somewhat 
simpler  for  the  case  of  production.  With  a  translog  cost  function  or  other,  the  linearity  of  the 
derived  demand  equations  allows  for  the  adding-up  condition  and  normal  errors.  Estimation 
of  a  translog  cost  function  with  three  inputs  has  accomplished  by  Lee  and  Pitt  (1984). 
Evaluation  of  multiple  integrals,  even  in  the  normal  case,  has  currently  only  been 
accomplished  for  a  small  number  of  goods. 

Heien  and  Wessells  (1990)  used  a  two-stage  method  to  estimate  the  demand  for  1 1 
food  categories.  In  the  first  stage,  a  probit  regression  was  computed  that  determines  the 
probability  that  a  given  household  will  consume  the  good  in  question.  This  regression  was 
then  used  to  compute  the  inverse  Mills  ratio  for  each  household.  The  inverse  Mill  ratio  was 
later  used  as  an  instrument  that  incorporates  the  censoring  latent  variables  in  the  second-stage 
estimation  of  the  demand  relations.  In  order  to  overcome  the  missing  price  problem,  Heien 
and  Wessells  employed  a  procedure  to  estimate  the  missing  prices.  The  procedure  is  involved 
in  performing  a  regression  with  the  data  on  the  price  as  a  function  of  regional  dummies, 
seasonal  dummies,  and  income.  These  regressions  were  then  used  to  estimate  the  missing 
prices  for  those  households  that  did  not  consume  that  particular  item. 
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Several  problems  exist  with  Heien  and  Wessells'  approach.  First,  the  decision  of 
whether  to  buy  in  the  first  stage  was  estimated  as  a  single-equation  probit  model  for  individual 
commodities  (Lee,  1978).  Heien  and  Wessells  ignored  the  interrelation  of  consumption 
decision  among  commodities.  In  other  words,  they  assumed  the  covariance  matrix  of 
consumption  decision  equations  are  diagonal,  which  could  result  in  inefficient  estimates. 
Second,  the  specified  demand  relation  in  the  second  stage  violates  the  adding-up  criterion, 
which  is  an  important  feature  of  the  allocation  models.  These  misspecification  problems  may 
be  severe,  and  inefficient  estimates  could  be  expected. 

The  approaches  used  by  Wales  and  Woodland  (1983)  and  Lee  and  Pitt  (1986)  are 
theoretically  plausible,  however,  their  empirical  implications  are  limited  to  a  small  number  of 
commodities  (both  Lee  and  Pitt  and  Wales  and  Woodland  used  three  commodities)  and 
simple  utility  functional  forms  as  a  result  of  the  computational  difficulty  involving  the  multiple 
integrals  under  multivariate  density  functions.  In  this  study,  the  computation  is  complicated 
by  the  five  food  categories  or  five  non-linear  equations  (3.29)  as  well  as  the  seven  nutrients. 
On  the  other  hand,  even  though  Heien  and  Wessells'  (1990)  approach  provides  a  method  by 
which  missing  prices  for  the  estimation  of  a  demand  system  may  be  computed,  there  are 
missing  nutrient  variables  in  this  study,  which  cannot  be  estimated  when  food  items  were  not 
actually  consumed. 

The  two  demand  models  presented  in  equations  (3.37)  and  (3.38)  are  complicated  in 
many  ways.  First,  the  utility  function  of  the  levels  version  of  the  extended  Rotterdam  model 
(3.29)  is  difficult  to  derive.  Therefore,  the  approaches  used  in  the  Lee  and  Pitt  study  and  in 
the  Wales  and  Woodland  study  cannot  be  used.  In  the  Heien  and  Wessells  study,  the  only 
missing  observations  are  price  variables.  The  missing  price  variables  can  be  estimated  and 


incorporated  into  the  demand  parameter  estimation.  This  study  faces  not  only  missing  prices 
but  also  zero  nutrient  observations.  In  the  levels  version  of  the  Rotterdam  model  all  variables 
are  defined  in  terms  of  logarithm,  and  zero  values  are  not  defined.  Therefore,  the  limited- 
dependent  variables  techniques  developed  in  previous  studies  cannot  be  incorporated  into  this 
study.  As  a  result,  observations  with  missing  prices  and  zero  nutrient  observations  were 
deleted  from  the  sample,  and  the  IZEF  estimation  method  was  used  in  the  estimation  of  the 
levels  Rotterdam  model. 

Data  Summary 

The  data  set  used  in  this  study  is  from  the  1987-88  Nationwide  Food  Consumption 
Survey  (NFCS).  This  USDA  survey  covers  the  period  from  April  1987  through  the  first  week 
of  August  1988.  The  1987-88  NFCS  is  one  of  the  most  recent  of  many  USDA  food 
consumption  studies.  The  survey  is  used  now,  as  in  the  past,  to  describe  food  consumption 
behavior  patterns  and  to  assess  the  nutritional  content  of  diets  for  their  implications  for 
policies  relating  to  food  production  and  marketing,  food  safety,  food  assistance,  and  nutrition 
education.  In  the  1987-88  NFCS,  nationwide  measurements  of  nutrient  contents  in  each  food 
item  are  reported  and  the  amount  of  nutrients  in  each  consumed  food  item  may  be  obtained. 

However,  given  the  low  response  rate  (35  percent),  some  have  expressed  concern  as 
to  how  representative  of  this  data  set  is  (FASEB,  1991;  GAO,  1991;  USDA,  1991). 
Research  comparing  the  demographic  characteristics  of  the  NFCS  survey  data  to  the  Census 
Bureau's  Current  population  survey  found  that  inner-city  residents,  high-income  households, 
and  households  with  female  heads  are  were  significantly  under-represented  (GAO,  1991). 
Given  that  the  consumption  patterns  of  these  groups  differ  from  the  population  as  a  whole, 
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the  parameter  estimates  will  be  biased  (GAO,  1991;  USDA,  1991).  Nevertheless,  this  bias 
appears  to  be  small.  Murphy  et  al.  (1992)  adjusted  the  sample  weights  of  each  individual  in 
the  survey  in  order  to  cause  the  sample  characteristics  to  mimic  those  in  the  U.S.  population 
as  a  whole.  Forcing  the  sample  to  be  representative  of  the  population,  Murphy  et  al.  (1992) 
demonstrated  that  the  resulting  parameter  estimates  "showed  little  difference  .  .  ."  from  the 
estimates  obtained  with  the  original,  nonrepresentative  sample.  Furthermore,  comparing  the 
results  of  their  study  to  estimates  obtained  using  a  different  cross-sectional  data  set,  the  1986 
Continuing  Survey  of  Food  Intakes  by  Individuals  (CSFII)  also  showed  very  little  difference 
for  overlapping  age/sex  categories.  Therefore,  although  the  1987-88  NFCS  though  has  the 
potential  for  sampling  bias,  the  bias  is  believed  to  be  no  greater  than  that  of  other,  comparable 
household-level  data  sets. 

In  this  study,  food  items  are  grouped  into  five  food  categories:  dairy;  meats  and  other 
protein  food  items;  vegetables  and  fruit;  grain  products;  and  other  (fats  and  oils,  sugar  and 
sweets,  and  other  miscellaneous).  Seven  nutrients  are  considered:  carbohydrates;  fats  and 
oils;  proteins;  vitamin  group  I  (vitamins  measured  in  milligrams,  vitamins  C  and  B-6,  thiamin, 
riboflavin,  and  niacin);  vitamin  group  II  (measured  in  micrograms,  folate,  and  vitamin  B-12); 
digestible  fibers;  and  minerals  (calcium,  phosphorus,  magnesium,  iron,  zinc,  copper,  sodium, 
and  potassium).  The  separation  of  vitamins  by  their  measurement  units  is  for  the  purpose  of 
estimation. 

Table  3-1  shows  the  sample  statistics  of  the  entire  sample  (4,237  observations,  that 
is,  Full  Sample  in  Table  3-1)  and  the  sample  used  in  this  study  (4,155  observations,  that  is, 
Truncated  Sample  in  Table  3-1).  Comparing  the  sample  used  to  the  entire  sample,  the  mean 
difference  between  these  two  samples,  in  percentage,  varies  from  0.36  percent  for  the  number 
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of  family  members  in  age  group  6  (Ag6)  to  2. 14  percent  in  absolute  value  for  carbohydrates 
embodied  in  the  other  food  category  (x51 ),  and  their  associated  standard  error  difference  are 
0. 14  and  0.41  percent  in  respective  absolute  values.  Therefore,  the  whole  sample  considered 
to  not  contain  a  significant  portion  of  zero  consumption  of  one  or  more  food  categories. 
Consequently,  the  discard  of  those  zero  consumption  observations  is  expected  not  to  cause 
significant  bias  theoretically  in  terms  of  estimation.  Therefore,  given  this  nature  of  the  data 
set,  the  theoretical  problems  stated  above  from  existing  literature,  and  the  functional  forms 
of  the  two  models  considered  here,  a  decision  of  deleting  zero  consumption  observations  is 
made  for  estimation  of  models  (3.41)  and  (3.42). 

A  sample  of  4, 1 55  observations  or  households  is  used  to  estimate  models  (3.41)  and 
(3.42).  Summary  statistics  of  the  data  are  shown  in  Table  3-1.  An  average  household  with 
2.81  persons  consumed  20.64,  13.12,  24.24,  5.17,  and  9.67  pounds  per  week  of  dairy 
products,  meats  and  other  protein  source  products,  vegetables  and  fruit,  grains,  and  all  other 
foods,  respectively.  Their  respective  expenditures  are  S7.63,  S21.40,  $12.62,  SI 0.19,  and 
S10. 18.  Table  3-1  also  shows  the  individual  nutritional  contents  in  the  five  food  groups 
considered.  For  example,  there  are  496,  170,  1,179,  2,172,  and  1,217  pounds  of 
carbohydrates  in  dairy  products,  meats  and  other  protein  source  products,  vegetables  and 
fruit,  grains,  and  all  other  foods,  respectively. 

Table  3-2  shows  a  comparison  of  the  daily  food  consumed  by  individuals  in  the  1987- 
SS  NFCS  to  that  recommended  by  USDA  (1992).  .Among  the  four  food  groups  (not  counting 
the  Others  group),  dairy  —  with  an  average  actual  intake  of  2. 1  servings  —  is  the  only  group 
in  which  individual  intakes  are  within  the  recommended  range.  (The  recommended  servings 
are  2-3  for  dairy).  Individuals  in  this  survey  ate  more  high-protein  food  items  (3.6-5.4  for 
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Table  3-2.  A  Comparison  of  the  Daily  Food  Intakes  between  Actual  Serv  ing  Size  Consumed 
and  Recommended. 


Food  Quantity 


Serving  Size 


Actual" 

Recommended1' 

Dairy 

2.1c 

2-3 

Meats 

3.6-5.4d 

2-3 

Veg.  &  Fruit 

2.5-4.9' 

5-9f 

Grains 

4.2« 

6-11 

Others 

NA 

Sparingly 

•  Calculated  based  upon  the  1987-88  NFCS. 

b  Recommended  by  USDA  (The  Food  Guide  Pyramid,  1 992). 

c  Calculated  by  a  serving  size  of  8  ounces. 

i  Calculated  by  serv  ing  sizes  between  3  ounces  and  2  ounces. 

'  Calculated  by  serving  sizes  of  8  ounces  and  4  ounces. 

'  Represents  a  sum  of  serving  sizes  of  vegetables  and  fruit. 

'  Calculated  by  a  serving  size  of  one  ounce. 

NA  represents  an  unknown  quantity  due  to  the  lack  of  recommended  serving  sizes. 
Veg.  is  the  abbreviation  for  vegetables. 
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actual  versus  2-3  for  the  recommended),  and  less  vegetables  &  fruit  (2.5-4.9  for  actual  versus 
5-9  for  the  recommended  although  servings  of  fruit  and  vegetables  are  not  reported 
individually  to  allow  comparison  to  recommendation  for  these  two  food  groups)  and  grains 
(4.2  for  actual  versus  6-1 1  for  the  recommended)  than  the  recommended  amounts.  In  other 
words,  if  the  survey  reflected  how  individuals  consumed  their  food  for  the  U.S.  population, 
nutrition  education  appears  to  be  needed  to  promote  the  increased  consumption  of  fruit, 
vegetables,  and  grains,  and  food-related  policy  and  food  assistance  programs  might  also  need 
to  be  directed  toward  more  grains,  vegetables,  and  fruit.  Nevertheless,  one  can  argue  that  this 
survey  was  made  about  nine  years  ago,  and  that  this  survey  was  confined  to  home  food 
supply.  That  is,  the  data  for  dining-out  are  not  available,  and  thus,  the  data  do  not  reflect  the 
whole  picture  of  food  consumption. 

Sources  of  Nutrients 

The  USDA  classifies  foods  into  five  groups:  dairy  products,  meats  and  other  protein 
foods,  fruit,  vegetables,  and  grain.  According  to  the  Food  Guide  Pyramid  (USDA,  1992)  as 
shown  in  Figure  3-1.  each  of  these  food  groups  provides  some,  but  not  all,  of  the  nutrients 
that  individuals  need.  Foods  in  one  group  cannot  be  replaced  by  those  in  another.  For  a 
healthy  diet,  one  particular  food  group  is  not  more  important  than  another;  an  individual 
needs  them  all.  The  second  level  from  the  top  of  the  Pyramid  are  two  groups  of  foods  that 
come  mostly  from  animals:  milk,  yogurt,  and  cheeses  (dairy  products);  and  meat,  poultry,  fish, 
dry  beans,  eggs,  and  nuts  (meats  and  other  protein  foods).  These  foods  are  important  sources 
of  protein,  calcium,  iron,  and  zinc.  The  next  lower  level  includes  foods  that  come  from 
plants,  vegetables  and  fruit.  They  provide  vitamins,  minerals,  and  fiber.  The  bottom  level  of 
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The  Food  Guide 
Pyramid 

A  Guide  to  Daily  Food  Choices 


Fats.  Oils.  £  Sv.eets 
USE  SPARINGLY 


KEY 

□  Fat  irjturaR/  occurring  iiiic 

□  Su;ars  (added) 

Th»s»  s>.t.3oIs  show  bland 
a:!t:c:l  sugars  in  loods 


M.S.  Yogurt. 
£  Cheese 
Group 

2-3  SERVINGS 


Meat.  Poultry.  Fish. 
Dry  3eans.  Eggs. 
£  Nuts  Group 
2-3  SERVINGS 


Vegetable 
Group 

3-5  SERVINGS 


—  & 


Fruit 
Group 
2-4  SERVINGS 


Bread,  Cereal. 
Rice.  £  Pasta 
Group 
6-11 
SERVINGS 


Figure  3- 1 .  The  Food  Guide  Pyramid. 
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the  food  Pyramid  are  breads,  cereals,  rice,  and  pasta  --  all  foods  from  grains.  They  are  good 
sources  of  carbohydrates,  fiber,  vitamins,  and  minerals.  Individuals  need  the  most  servings 
of  these  foods  each  day.  Fats  and  oils  such  as  salad  dressings  and  oils,  cream,  butter, 
margarine,  sugars,  soft  drinks,  candies  and  sweet  desserts,  are  on  the  top  of  the  Pyramid. 
These  foods  provide  calories  and  little  else  nutritionally;  thus,  individuals  are  advised  to  use 
them  sparingly.  For  a  daily  balanced  diet,  it  is  recommended  that  2-3  servings  of  dairy 
products;  2-3  servings  of  meats  and  other  protein  products;  3-5  servings  of  vegetables;  2-4 
servings  of  fruit,  and  6-11  servings  of  grain  products  be  consumed  (USDA,  1992).  The 
variations  in  serving  sizes  are  due  to  individual  differences  in  nutrient  needs.  In  general,  most 
older  adults  and  sedentary  women  need  about  1,600  calories  a  day;  most  children,  teen-aged 
girls,  active  women,  and  many  sedentary  men  need  about  2,200  calories  a  day;  and  teenage 
boys,  many  active  men,  and  some  active  women  need  about  2,800  calories  a  day  (USDA, 
1992).  The  units  of  servings  for  various  foods  are  different:  for  example,  milk,  juice, 
vegetables,  and  cereal  are  served  in  cups;  meats  are  in  ounces;  and  bread,  and  fruit  are  served 
by  their  own  units  (USDA,  1992). 

Fats  and  oils,  carbohydrates,  and  proteins  provide  energies  in  terms  of  calories.  One 
gram  of  fats  and  oils  produce  nine  calories,  while  both  carbohydrates  and  proteins  yield  four 
calories  per  gram.  The  Dietary  Guidelines  (USDA,  1995)  recommend  that  Americans  limit 
fat  intake  in  their  diets  to  30  percent  of  their  calorie  intake,  while  limiting  sugar  intake  to 
about  6-18  teaspoons  according  to  the  different  daily  required  calories  (for  example,  6 
teaspoons  a  day  if  one  eats  about  1,600  calories,  12  teaspoons  at  2,200  calories,  or  18 
teaspoons  at  2.S00  calories)  (USDA,  1992).  About  four  percent  of  body  weight  is  made  up 
of  elements  called  minerals  that  are  crucial  to  the  body's  metabolism.  Vitamins,  a  group  of 
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potent  organic  compounds  that  occur  in  minute  quantities  in  foods,  are  essential  for  some 
specific  body  functions  of  maintenance  and  growth.  Proteins  are  primarily  found  in  meats, 
beans,  and  dairy;  carbohydrates  exist  in  all  varieties  of  foods  except  meats;  and  fats  and  oils 
are  in  dairy  products,  meats,  nuts,  some  desserts  and  sweets,  and  in  fat  added  to  low-fat  foods 
like  vegetables;  fiber  is  found  only  in  plant  foods,  such  as  whole-grain  breads  and  cereals, 
beans  and  peas,  and  other  vegetables  and  fruit;  vitamins  and  minerals  are  found  in  all  of  the 
five  basic  food  groups,  with  different  foods  offering  different  nutrients  (University  of  Florida, 
1971).    Eating  a  variety  of  fiber-containing  plant  foods  is  important  for  proper  bowel 
function;  can  reduce  symptoms  of  chronic  constipation,  diverticular  disease,  and  hemorrhoids; 
and  may  lower  the  risk  for  heart  disease  and  colorectal  cancer.  However,  some  of  the  health 
benefits  associated  with  a  high-fiber  diet  may  come  from  other  components  present  in  these 
foods,  not  just  from  fiber  itself  For  this  reason,  fiber  is  best  obtained  from  foods  rather  than 
supplements  (USDA,  1995). 

Results 

Since  the  objective  of  this  study  is  to  investigate  the  effect  of  nutrients  on  consumer 
food  demand,  models  (3.41)  and  (3.42)  are  derived  to  serve  this  purpose;  however,  a  basic 
procedure  of  model  selection  must  be  performed  before  any  meaningful  estimation  can  be 
conducted.  That  is,  the  extended  levels  version  of  the  Rotterdam  models  (3.41)  or  (3.42) 
must  be  compared  to  a  basic  levels  version  of  the  Rotterdam  model  that  only  has  price  and 
income  variables.  The  likelihood  ratio  test  (LRT)  for  model  selection  is 

LRT  =  -2(logL(0-)-logL(0)),  (3.54) 
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where  9'  is  the  vector  of  parameter  estimates  of  the  basic  levels  version  of  the  Rotterdam 
model;  6  is  the  vector  of  parameter  estimates  of  the  extended  levels  version  of  the  Rotterdam 
model  (that  is,  either  (3.41)  or  (3.42));  and  L(-)  is  the  log  value  of  the  likelihood  function 
(Amemiya,  1985).  That  is,  under  the  null  hypothesis  that  the  basic  levels  version  of  the 
Rotterdam  model  describes  the  data  best,  test  statistic  LRT  has  an  asymptotic  x2(q) 
distribution  in  which  q  is  the  number  of  restrictions  imposed  (that  is,  the  degrees  of  freedom 
equal  to  the  difference  between  the  number  of  parameters  in  the  basic  and  the  extended  levels 
version  of  the  Rotterdam  model).  The  LRT  for  model  selection  between  the  basic  levels 
version  of  the  Rotterdam  model  and  (3.41)  or  (3.42)  is  1,91 1.84,  an  indication  that  nutrients 
have  significant  impacts  on  the  demand  for  food  groups  examined  in  this  study. 

In  models  (3.41)  and  (3.42),  /,  and  j  denote  the  food  group  in  question,  and  h  denotes 
the  nutrients  in  question.  There  are  three,  three,  five,  five,  and  three  own-nutrient  variables 
defined  in  the  demand  equations  for  dairy,  meats,  vegetable  and  fruit,  grain,  and  others, 
respectively.  This  construction  is  due  to  the  nutritional  nature  of  the  five  food  groups:  that 
is,  fats  and  oils,  proteins,  and  minerals  are  contained  in  both  dairy  and  meats  groups; 
carbohydrates,  vitamin  groups  I  &  II,  fibers,  and  minerals  are  embodied  in  the  vegetable  and 
fruit  and  grains  groups;  while  carbohydrates,  fats  and  oils,  and  minerals  exist  in  the  other 
group. 

The  dependent  variables,  q,s,  are  the  amounts  consumed  by  the  household  per  meal 
equivalent  --  that  is,  the  quantities  consumed  by  the  household  divided  by  the  total  number 
of  meals  eaten  by  household  members.  Nutrient  contents,  xjhs,  are  defined  as  the  average 
nutrients  per  unit  of  food  consumed  --  that  is,  the  total  amount  of  nutrient  divided  by  the 
quantity  of  the  food  consumed. 
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Table  3-3  shows  the  parameter  estimates  of  ct,'0,  uf,  nj,  and  in  model  (3.41). 
Note  that  these  are  conditional  estimates.  In  other  words,  these  parameters  are  estimates  for 
the  food  demand  subsystem  (Theil,  1980),  which  are  conditioned  on  how  total  budget  is 
allocated  to  broad  commodity  groups,  including  the  food  group.  All  expenditure  parameter 
estimates  )  are  positive  and  less  than  unity;  all  own-price  parameter  estimates  (7r£* ,  /'  = 
1, . .  .,  5)  are  negative,  and  cross-price  parameter  estimates  (Tt^* ,  ij  =  1,  .  .  .,  5)  are  positive, 
indicating  substitution  relationship.  All  expenditure  and  price  estimates  are  significantly 
different  from  zero  at  a  =  0.05  level,  given  that  these  estimates  are  at  least  two  times  greater 
than  their  respective  standard  errors. 

The  results  reported  in  Table  3-3  also  show  that  nutrients  have  either  positive  or 
negative  impacts  on  the  demand  for  the  five  food  groups  examined  in  this  study.  Of  the  total 
19  own-nutrient  parameter  estimates  (y^),  13  are  positive  and  six  are  negative,  and  17  are 
significantly  different  from  zero  at  a  =  0.05  level.  The  positive  parameter  estimates  indicate 
that  increases  in  nutritional  contents  will  increase  the  consumption  of  the  food  in  question, 
and  the  negative  parameter  estimates  indicate  a  decrease  in  consumption  of  the  food  in 
question.  Own-nutrient  parameter  estimates  (y^)  show  that  all  three  nutrients  have  positive 
impacts  on  the  demand  for  the  dairy  group.  Protein  and  mineral  contents  in  the  meat  group 
increase  the  demand  for  meat  items,  and  the  fat  content  in  the  meat  group  decreases  the 
demand  for  meats.  Folate  and  vitamin  B-12  together,  or  vitamin  II,  and  mineral  contents  in 
vegetables  and  fruit  have  positive  impacts  on  the  demand  for  vegetables  and  fruit;  however, 
the  carbohydrate  and  the  \itamin  group  I  have  negative  impacts  on  the  demand  for  vegetables 
and  fruit.  The  impact  of  fiber  contents  in  vegetables  and  fruit  is  positive  but  not  statistically 
different  from  zero.  Results  also  show  that  folate,  vitamin  B-12,  and  mineral  contents  in 
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Table  3-3.  Estimation  of  the  Levels  Version  of  the  Rotterdam  Model,  Equation  (3.41) 


Food  Groups 

Intercept 

Log  QF 

log  Pi 

logp2 

logP3 

log  pt 

log  p5 

CDairv) 

CMeats) 

CVeg.  &  Fruit) 

(Grains) 

COthers) 

Dairy 

-2.2157* 

0.1395* 

-0.3662* 

0.2085* 

0.0145 

0.0787* 

0.0645* 

(0.3972) 

(0.0109) 

(0.0137) 

(0.0134) 

(0.0117) 

(0.0105) 

(0.0099) 

Meats 

-2.0742* 

0.2646* 

-1.0184* 

0.2975* 

0.3322* 

0.1801* 

(0.7120) 

(0.0197) 

(0  076Q1 

(0  01  SSI 

^Vy.v  I  JO) 

10  01  SSI 

^U.u  l  J  J  ) 

(0  01 S41 
yv.v  l  j1* ) 

Veg.  &  Fruit 

-2.2582* 

0.0318* 

0  S76£* 

-U.  JZOO 

O  1 78S* 
U.  1  Zoj 

O  OSfi.  1  * 
U.UoO  1 

(0.4745) 

(0.0129) 

CO  01861 

co  on  si 

CO  01  1 91 

^W.U  117) 

Grains 

3.6747* 

0.4223* 

o 

•U.04*t4 

O  10SO* 
U.  1  U  JU 

(0.4947) 

(0.0134) 

CO  0161 1 

CO  01  1 11 

Others 

2.8734* 

0.1419* 

-U.4JD/ 

(0.5440) 

(0.0151) 

CO  01 581 

Food  Groups 

Dam' 

Meats 

Veg.  &  hruit 

Grains 

Others 

Dairy 

0.0938* 

-0.0189 

-0.1702* 

0.1842* 

-0.0890 

Protein 

(0.0372) 

(0.0665) 

(0.0108) 

(0.0452) 

(0.0508) 

0.0413* 

-0.0623* 

0.0595* 

0.0009 

-0.0395* 

Fats 

(0.0094) 

(0.0161) 

(0.0450) 

(0.0110) 

(0.0123) 

0.4136* 

-0.2096* 

0.0218 

-0.0755 

-0.1503* 

Minerals 

(0.0j«3) 

(0  0682) 

(0.0j96) 

(0.0465) 

(0.0^22) 

Meats 

Protein 

-U.Uj  /  7 

U.  jlly 

O  1  07°.* 
-U.  1  7lo 

u.uu  /o 

O  fl7Qfi 
-U.U  /  70 

id  033"M 

io  o^osi 

(0  01 7S1 

(0  0.1081 

iO  OJCiOl 

Fats 

n  nxi n* 
-U.Uo  I  j 

U.UjOJ 

U.UO  1 0 

-U.UJ  34 

10  DM71 

(0  0~>&7\ 

10  f)7  1  «\ 

(0  01  sn 

/O  070.11 
^U.U— U4  ^ 

Minerals 

n  i  of,  i  * 

-U.  1  Uo  1 

U.M  10 

-u.u  /uou 

-U.-OOJ 

A  1  'JO/:* 

-U  1  Jot) 

10  O  1  °.  «i 
(U.U  1  oj  ) 

kU.UJ  j  j  ; 

(,U.U„J  ) 

(U.Uij.1 ) 

Veg.  <&  Fruit 

Carbohydrates 

-0.0544* 

0.1826* 

-0.0529* 

-0.1346* 

0.0593 

(0.0225) 

(0.0408) 

(0.0178) 

(0.0277) 

(0.03 12) 

Vitamin  I 

-0.0020 

0.1134* 

-0.1623* 

-0.0022 

0.0531* 

(0.0150) 

(00272) 

(0.0195) 

(0.01  S5) 

(0.0208) 

Vitamin  11 

0.0257 

-0.1671* 

0.1044* 

0.0379 

-0.0009 

(0.0163) 

(0.0296) 

(0.0197) 

(0.0201) 

(0.0227) 

Fibers 

0.036S* 

-0.0953* 

0.0026 

0.0004 

0.0555* 

(0.0162) 

(0.0292) 

(0.0239) 

(0.0199) 

(0.0223) 

Minerals 

0  0319 

■0.1112* 

0.3366* 

-0.0561* 

-0.2012* 

(0  0201) 

(00364) 

(0.0442) 

(00247) 

(0.0278) 
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Table  3-3.  Continued. 


Food  Groups 

Dairy 

Meats 

Veg.  &  Fruit 

Grains 

Others 

Grains 

Carbohydrates 

0.0069 

-0.1652* 

0.1304* 

0.0166 

0.0113 

(0.0372) 

(0.0662) 

(0.0138) 

(0.0470) 

(0.0505) 

Vitamin  I 

-0.0217 

0.0635* 

0.0441* 

-0.1226* 

0.0367* 

(0.0116) 

(0.0210) 

(0.0136) 

(0.0144) 

(0.0160) 

Vitamin  II 

-0.0312* 

-0.01 1 1 

-0.0512* 

0.0933* 

0.0002 

(0.0114) 

(0.0208) 

(0.0158) 

(0.0141) 

(0.0159) 

Fibers 

-0.0195 

0.2231* 

-0.1236* 

-0.0416* 

-0.0384* 

(0.0133) 

(0.0158) 

(0.0164) 

(0.0164) 

(0.0184) 

Minerals 

-0.0108 

-0.0538 

0.0503* 

0.1249* 

-0.1108* 

(0.0183) 

(0.0219) 

(0.0231) 

(0.0231) 

(0.0251) 

Others 

Carbohydrates 

-0.0119* 

-0.0316* 

-0.0015 

-0.0260* 

0.0710* 

(0.0046) 

(0.0055) 

(0.0056) 

(0.0056) 

(0.0064) 

Fats 

0.0000*' 

0.0001* 

0.0001* 

0.0001* 

-0.0002* 

(0.0000") 

(0.0000") 

(0.0000") 

(0.0000") 

(0.0000") 

Minerals 

-0.0346* 

-0.0686* 

-0.0976* 

-0.0263* 

0.2271* 

(0.0071) 

(0.0084) 

(0.0085) 

(0  0085) 

(0.0102) 

Numbers  in  parentheses  are  the  corresponding  standard  deviations. 
Veg.  is  the  abbreviation  for  vegetables. 

*  Denotes  that  the  parameter  estimate  is  significantly  different  from  zero  at  a  =  0.05  level. 
'  Denotes  a  value  of  0.00003. 
b  Denotes  a  value  of  0.00001. 
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grains  increase  the  demand  for  grains  and  that  fiber  and  vitamin  I  contents  decrease  the 
demand  for  grains.  The  own-nutrient  impact  of  carbohydrate  contents  in  grains  is  positive 
but  statistically  insignificant.  The  negative  impact  of  the  vitamin  group  I  on  the  demand  for 
vegetables  and  fruit  as  a  group  and  grains  may  be  caused  by  the  way  that  this  vitamin  group 
is  created,  that  is,  the  sum  of  five  different  vitamins  (vitamin  C,  vitamin  B-12,  thiamin, 
riboflavin,  and  niacin).  The  results  for  the  other  group  show  that  carbohydrate  and  mineral 
contents  increase  the  demand  for  the  other  food  group  and  that  fat  contents  decrease  the 
demand  for  the  other  food  group. 

Both  positive  and  negative  cross-nutrient  parameter  estimates  (y^)  are  reported  in 
Table  3-3.  Since  food  items  can  be  used  in  combinations  to  produce  different  dishes,  the 
upper  limits  for  nutrients  in  a  meal  are  difficult  to  set.  For  example,  milk  (dairy  group)  and 
cereals  (grain  group)  are  used  together  for  breakfast.  In  this  case,  the  increase  in  dairy 
protein  could  increase  the  demand  for  the  grain  group,  given  the  cross-nutrient  parameter 
estimate  is  greater  than  zero  (0. 18).  On  the  other  hand,  the  increase  in  meat  protein  reduces 
the  demand  for  dairy  products  given  the  cross-nutrient  parameter  estimate  is  -0.06.  As  a 
result,  cross-nutrient  parameter  estimates  across  food  groups  could  be  positive  or  negative, 
depending  on  how  each  food  item  is  used,  making  the  interpretation  of  these  cross-nutrient 
estimates  difficult. 

Conditional  expenditure  elasticities,  compensated  and  uncompensated  price 
elasticities,  and  nutrient  elasticity  estimates  can  be  derived  as 


expenditure  elasticity .  r\m  =  u,'  / w," ,     i  =  1 , . . . ,  5 ; 


(3.55) 
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compensated  price  elasticity:  e^Ttjj/Wj',     i=l,...,5;  (3  56) 

uncompensated  price  elasticity:     iW^'^m'     i,j  =  l,...,5;  (3.57) 

and 

nutrient  elasticity:  e^y'^/w,',     i.j  =  l  5;  hej.  (3.58) 

Expenditure  elasticity  (nim)  measures  the  percentage  change  on  the  consumption  of  one  food 
group  in  question,  given  a  percentage  change  of  food  expenditure.  Compensated  and 
uncompensated  price  elasticity  (e5j  and  r\.)  measures  the  percentage  change  on  the 
consumption  of  food  group  /,  given  a  percentage  change  of  pj  for  the  unchanged  utility  level 
and  the  unchanged  food  expenditure,  respectively.  The  own-nutrient  demand  elasticity  (eiih) 
shows  the  percentage  change  in  the  demand  for  food  group  /  due  to  a  1  percent  change  in  one 
of  the  nutrients  found  in  food  group  /',  while  the  cross-nutrient  demand  elasticity  (ejjh)  shows 
the  percentage  change  in  the  demand  for  food  group  /  due  to  a  1  percent  change  in  nutrients 
found  in  food  group / 

These  elasticity  estimates  are  derived  at  sample  means  and  presented  in  Table  3-4. 
All  own-price  demand  elasticity  estimates  are  negative,  and  their  absolute  values  are  greater 
than  one.  The  compensated  (uncompensated)  own-price  elasticity  estimates  range  from  2.48 
(2.51)  for  vegetables  and  fruits  as  a  group  and  to  3.92  (4.34)  for  grains.  This  reveals  that 
demand  for  every  individual  food  group  considered  is  very  elastic  with  respect  to  its  own 
price;  that  is,  the  consumption  of  an  individual  food  group  decreases  more  than  1  percent  as 
its  price  increases  by  1  percent.  All  cross-price  demand  elasticity  estimates  (e;j  and  r\  .)  are 
positive  and  small  in  comparison  to  own-price  demand  elasticity  estimates. 
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Table  3-4.  Conditional  Demand  Elasticity  Estimates  Calculated  at  Sample  Means 


Dairv 

Meats 

Veg.  &  Fruit 

Grains 

Others 

Compensated  Price  Elasticity 

Dairy 

-2.9400* 

0.6150* 

0.0681 

0.4783* 

0.4049* 

Meats 

1.6741* 

-3.0034* 

1.4008* 

2.0190* 

1.1298* 

Vcg.  &  Fruit 

0.1161 

0.8775* 

-2.4791* 

0.7810* 

0.5399* 

Grains 

0.6317* 

0.9797* 

0.6050* 

-3.9162* 

0.6584* 

Others 

0.5182* 

0.5312* 

0.4052* 

0.6379* 

-2.7331* 

Uncompensated  Price  Elasticity 

Dairy- 

-3.0796* 

0.5178* 

0.0495 

0.1586* 

0.2941* 

Meats 

1.2944* 

-3.2680* 

1.3502* 

1.1488* 

0.8281* 

Veg.  &  Fruit 

-0.1218 

0.7118* 

-2.5109* 

0.2359* 

0.3509* 

Grains 

0.4475* 

0  8513* 

0.5804* 

-4.3386* 

0.5120* 

Others 

0.3397* 

0.4068* 

0.3814* 

0.2288* 

-2.8750* 

Expenditure  Elasticity 

Expenditure 

1.1198* 

0.7804* 

0.1495* 

2.5664* 

0.8900* 

Dairy 

Nutrient  Demand  Elasticity 

Protein 

0.7532* 

-0.0556 

-0.8012* 

1.1194* 

-0.5581 

Fats 

0.3318* 

-0.1836* 

0.2801* 

0.0057 

-0.2477* 

Minerals 

3.3200* 

-06181* 

0.1024 

-0.4585 

-0.9428* 

.Meats 

Protein 

-0.4645 

0.9524* 

-0.9077* 

0.0459 

-0.5007 

Fats 

-0.1681 

-0.1814* 

0.2650* 

0.3740* 

-0  2220 

Minerals 

-0.8518* 

1.7151* 

-0.3324* 

-1.6184* 

-0  8692* 

Veg  <St  Fruit 

Carbohydrates 

-0.4366* 

0.5385* 

-0.2490* 

-0.8178* 

0.3717 

Vitamin  (a) 

-0.0159 

0  3343* 

-0.7639* 

-0.0135 

0.3332* 

Vitamin  (b) 

0.2060 

-0.4928* 

0.4913* 

0.2305 

-0.0054 

Fibers 

02951* 

-0  2809* 

0.0120 

0.0026 

0.3483* 

Minerals 

0  2560 

-0.3279* 

1.5846* 

-0.3409* 

-1  2622* 

Grains 

Carbohydrates 

00557 

-0.4S73* 

0.6141* 

0.1007 

0.0708 

Vitamin  1 

-0.1741 

0.1871* 

0.2077* 

-0.7449* 

0.2301* 

Vitamin  11 

-0.2501* 

-0.0326 

-0.2412* 

0.5668* 

0.0012 

Fibers 

-0.1563 

06578* 

-0.5820* 

-0.2526* 

-0.2409* 

Minerals 

-0  0864 

-0.1 5S6 

0.2370* 

0.7593* 

-0.6947* 

Others 

Carbohydrates 

-0.095S  * 

-0.0933* 

-0.0069 

-0.1578* 

0.4454* 

Fats 

0.0003* 

0.0003* 

0.0003* 

-0.0003* 

-0.0010* 

Minerals 

-0.2777* 

-0.2022* 

-0.4596* 

-0.1600* 

1.4246* 

*  Denotes  that  the  parameter  estimate  is  significantly  ditVerent  from  zero  at  a  =  0.05  level. 
Veg.  is  the  abbreviation  for  vegetables. 
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Expenditure  elasticity  estimates  indicate  that  if  food  expenditure  is  increased  by  1 
percent,  the  expenditure  for  dairy  and  grain  groups  would  be  increased  by  more  than  1 
percent  (n.lm  =  1.12;  r)4m  =  2.57),  and  the  expenditures  for  the  rest  of  the  food  groups  would 
be  increased  by  less  than  1  percent  (r\2m  =  0.78;  r]3m  =0.15;  r|5m  =  0.89). 

Two  types  of  nutrient  demand  elasticity  estimates  are  presented  in  Table  3-4:  own- 
nutrient  demand  elasticities  and  cross-nutrient  demand  elasticities.  For  example,  if  the  fat 
content  in  the  meats  group  is  increased  by  1  percent,  the  demand  for  dairy  will  be  decreased 
by  0. 1 7  percent;  the  demand  for  meats  will  be  decreased  by  0. 18  percent;  the  demand  for 
vegetables  and  fruit  as  a  group  will  be  increased  by  0.27  percent;  the  demand  for  grains  will 
be  increased  by  0.37  percent;  and  the  demand  for  the  other  group  will  be  decreased  by  0.22 
percent.  Minerals  are  the  common  nutrients  embodied  in  every  food  group.  All  own-nutrient 
elasticity  estimates  for  minerals  are  positive  and  significantly  different  from  zero,  ranging  from 
0.76  for  grains  to  3.32  for  dairy  products.  That  is,  the  demand  for  grains  will  increase  by  0.76 
percent  for  a  1  percent  increase  in  minerals  found  in  grains,  and  the  demand  for  dairy  will 
increase  by  3.32  percent  for  1  percent  increase  in  minerals  embodied  in  dairy  products. 

In  Table  3-4,  both  positive  and  negative  cross-nutrient  elasticities  are  reported.  For 
example,  cross-nutrient  elasticities  for  minerals  have  both  positive  and  negative  signs, 
indicating  that  there  are  both  substitution  and  complementary  relationships  existing  between 
minerals  found  in  one  particular  food  group  and  the  consumption  of  another  food  group. 
Because  people  eat  different  combinations  of  food  items  for  meals,  no  specific  interpretations 
will  be  given  to  the  own-nutrient  and  cross-nutrient  elasticities  as  the  interpretations  are  only 
limited  by  one's  imagination. 
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Note  that  these  are  conditional  own-price  elasticities,  and  the  unconditional 
compensated  price  elasticity  estimates,  ej,  can  be  derived  using  the  following  relationship: 

e'r~--^(^^M}(^M?-m  (3  59) 

where  icfi  is  the  unconditional  Slutsky  term  (Theil,  1980)  and  Wj  is  the  unconditional 
expenditure  share  on  food.  The  food  expenditure  share  for  1987-88  is  12  percent.  The 
conditional  compensated  own-price  elasticities,  estimated  with  the  1987-88  food  expenditure 
share,  are  between  -0.30  and  -0.47,  which  seem  to  be  reasonable  estimates.  In  order  to 
derive  the  unconditional  price  elasticities,  one  needs  additional  parameters,  such  as  <J>,  WF, 
and  MF.  Duffy  (1987)  demonstrated  how  to  obtain  these  estimates  and  unconditional  price 
parameters.  Using  the  estimates  of  <p  (=  -0.625)  andMF  (=  0.26)  from  Theil  et  al.  (1989) 
andWF  (=0.12),  the  approximation  of  the  unconditional  price  elasticity  estimates  can  be 
obtained  and  are  reported  in  Table  3-5.  The  unconditional  expenditure  elasticities  ranged 
from  0.06  for  vegetables  and  fruit  as  a  group  to  0.41  for  dairy  products;  the  unconditional 
compensated  (uncompensated)  own  price  elasticity  estimates  in  absolute  values  ranged  from 
0.30  (0.30)  for  vegetables  and  fruit  to  0.60  (0.62)  for  grains;  and  the  unconditional 
compensated  and  uncompensated  cross-price  elasticity  estimates  are  small  in  magnitude  as 

compared  to  the  own-price  elasticities. 

Recall  that  the  specification  of  the  levels  version  of  the  Rotterdam  model  (3.42)  allows 

nutrient  variables  to  affect  the  price  perceived  by  consumers  of  the  food  group  in  question. 

Table  3-6  summarizes  the  impact  of  nutrients  on  perceived  price.  Columns  1-7  show  the 

impacts  of  individual  nutrients  on  perceived  prices,  and  the  last  column  shows  the  total  impact 

of  all  nutrients  on  their  respective  perceived  food  prices. 
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Table  3-5.  Unconditional  Demand  Elasticity  Estimated  Calculated  at  Sample  Means. 


Dairy 


Meats 


Veg.  &  Fruit  Grains 


Others 


Expenditure  Elasticity 


Expenditure 

0.4143 

0.2887 

0.0553 

0.9496 

0.3293 

Compensated  Price  Elasticitv 

Dairy 

-0.3664 

0.1626 

0.0095 

0.0182 

0.0423 

Meats 

0.0600 

-0.3813 

0.1012 

0.0768 

0.0498 

Veg.  &  Fruit 

0.0056 

0.1618 

-0.2954 

0.0644 

0.0457 

Grains 

00138 

0.1578 

0.0827 

-0.5931 

0.0320 

Others 

0.0332 

0.1195 

0.0609 

0.0332 

-0.3404 

Uncompensated  Price  Elasticity 

Dairy 

-0.3764 

0.1479 

-0.0009 

0.0109 

0.0350 

Meats 

0.0564 

-0.3970 

0.0950 

0.0724 

0.0450 

Veg.  &  Fruit 

0.0049 

0.1614 

-0.3001 

0.0640 

0.0451 

Grains 

0.0002 

0.1218 

0.0595 

-0.6170 

0.0147 

Others 

0.0288 

0.1076 

0.0532 

0.0276 

-0.3503 

Veg.  is  the  abbreviation  for  vegetables. 
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The  impact  of  individual  nutrients  in  food  group  /  on  the  respective  food  group  prices 

is 

xj?*,  j  =  l  5;  hej.  (3.59) 

For  example,  the  impact  of  proteins  on  the  price  of  the  dairy  (meats),  estimated  at  the  sample 
mean  of  the  amount  of  protein  contents  in  the  dairy  (meat)  group,  is  2.05  (3.83),  which  has 
a  value  that  is  greater  than  one.  This  result  indicates  that  protein  contents  in  the  dairy  (meats) 
group  decrease  the  perceived  price  of  the  dairy  (meat)  products,  thus  increasing  the  demand 
for  dairy  (meat)  products.  On  the  other  hand,  the  impact  of  vitamin  I  in  the  vegetables  and 
fruit  (grain)  group,  estimated  at  the  sample  means  of  the  amount  of  vitamin  I  in  the  vegetables 
and  fruit  (grain)  group,  is  0.26  (0.46),  which  has  a  value  of  less  than  one.  This  suggests  that 
the  vitamin  I  contained  in  the  vegetables  and  fruit  (grain)  products  decreases  the  perceived 
price  of  vegetables  and  fruit  (grain)  products  and  will  decrease  the  demand  for  vegetables  and 
fruit  (grains).  The  combined  impact  of  all  nutrients  in  the  dairy  (meat,  vegetable  and  fruit, 
grains,  and  others)  group  can  be  estimated  using  formula  (3.39),  this  estimate  is  shown  in  the 
last  column  of  Table  3-6,  that  is.  15,781  (292,  46,  6,  and  3.98x10  11  or  zero).  These  results 
suggest  that  the  nutritional  contents  decrease  the  perceived  prices  for  meats,  vegetables  and 
fruits  as  a  group,  and  grains,  thus  increasing  the  demand  for  them,  while  the  nutritional 
contents  increase  the  perceived  price  for  the  other  group  and  then  decrease  the  demand  for 
fats  and  oils,  sugar  and  sweets,  and  other  miscellaneous.  These  findings  are  consistent  with 
the  rational  behavior  of  consumers.   In  other  words,  the  findings  reflect  that  nutritional 
contents  are  dominant  factors  over  prices  as  consumers  or  households  demand  their  food. 


CHAPTER  4 
THE  HOUSEHOLD  PRODUCTION  MODEL 


The  second  approach  considered  in  this  study  is  based  upon  the  household  production 
theory  (Becker,  1965;  Mincer,  1962;  Lancaster,  1966;  Michael  and  Becker,  1973;  Stigler  and 
Becker,  1977).  A  household  is  assumed  to  produce  utility-yielding,  non-market  consumable 
meals  that  contain  nutrients,  using  market  foods,  time,  and  human  capital  as  factor  inputs. 
The  salient  feature  of  this  approach  is  that  it  allows  the  researchers  to  calculate  the  nutrient 
(shadow)  price  and  expenditure  elasticities.  In  this  model,  the  theoretical  constraints  —  such 
as  adding-up,  homogeneity,  and  symmetry  —  are  preserved. 

This  chapter  consists  of  three  sections.  In  the  first  section,  the  household  production 
model  is  specified,  and  statistic  data  summary  is  reported  in  the  following  section.  In  the  final 
third  section,  the  estimation  results  are  provided  and  summarized. 

The  Derivation  of  the  Household  Production  Model 
The  household  production  theory  is  an  integration  of  the  consumer  theory  with  the 
theory  of  the  firm.  Advantages  attributed  to  the  household  production  approach  include  the 
following:  emphasis  on  the  household  as  the  decision-making  unit;  explicit  consideration  of 
the  role  of  time  in  consumption  decisions;  and  the  ability  of  the  theory  to  explain  changes  in 
consumption  behavior  on  the  basis  of  changes  in  household  production  relations  and  their 
implicit  (shadow)  prices,  rather  than  relying  on  changes  in  "tastes"  as  in  models  based  on 
traditional  consumer  theory  such  as  the  extended  levels  version  of  the  Rotterdam  model.  The 
household  production  approach  has  been  widely  applied  to  different  economic  and  social 
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issues  -  such  as  those  of  intra-family  bargaining  power  (Manser  and  Brown,  1980;  McElroy 
and  Horney,  1981,  Carlin,  1991);  travel  time  (Gronau,  1970),  educational  attainment;  child 
care  (Hill  and  Stafford,  1985;  Stafford,  1987;  Datcher-Loury,  1988);  illegal  activities;  and  the 
sexual  division  of  labor  (Juster,  1985;  Hill  and  Juster,  1985). 

In  the  household  production  model,  two  related  optimization  problems  are  considered. 
First,  the  household  is  assumed  to  minimize  the  expenditures  necessary  to  achieve  given  levels 
of  various  nutrients  and  food  consumed.  Differentiating  this  expenditure  or  cost  function  then 
allows  the  calculation  of  shadow  prices  of  nutrients  in  food  intake.  A  representation  of  the 
household's  optimization  problem,  which  depends  implicitly  on  these  calculated  shadow 
prices,  is  then  formulated.  Solution  to  this  problem  gives  a  system  of  equations  that  links  the 
demand  for  nutrients  to  the  nutrient  shadow  prices,  food  expenditure,  and  other  related 
variables,  such  as  household  composition. 

Theoretical  Background 

Assume  that  the  vector  z  =  [z, , . . .  ,z  ,  ]  represents  g+1  factors  consisting  of  the 
levels  of  g  nutrients  (zh,  /;  <  g)  and  the  number  of  meals  consumed  (z  ,).  In  fact,  zh  = 
]T  xjh,  h  s  g,  j-  1, . . .,  nf1  nF  is  the  number  of  food  items  in  the  food  group.  Recall  that  xjh 
is  nutrient  /;  embodied  in  food  item  j  from  the  extended  levels  version  of  the  Rotterdam  model 
presented  in  chapter  3.  According  to  the  household  production  theory,  it  may  be  argued  that, 
in  order  to  produce  the  non-market  vector  z,  the  household  purchases  a  vector  of  food  inputs 
(qi,  /  =  1, . .  .,  nK;  nF  food  items)  and  labor  inputs  =  1,  .  .  .,  r;  r  types  of  labor  inputs) 
at  the  given  market  prices  (pp  /=!,...,  nF),  wage  rates  (s^  j '  =  1,  .  .  .,  r),  and  capital  stock, 
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k.  In  the  following  discussion,  q  =  [q,,  .  .  .,  q^;/,,  .  .  .,  /  ]  and  p  =  [pp  .  .  .,  pv  sp  .  . 
.,  sr]  are  the  column  vectors  of  inputs  and  prices,  respectively. 

At  the  first  stage  the  household  may  be  characterized  by  cost-minimizing  behavior 
with  food  inputs  assumed  to  be  weakly  separable  from  all  other  commodity  groups  (Deaton 
and  Muellbauer,  1980);  this  allows  the  expenditure  allocation  among  food  groups  to  be 
isolated  from  other  commodities.  The  household's  consumption  choices  then  may  be  written 
as 

min  C  =  p'q  n 
s.t.  H(q,z;k)^0,  1  ' 

where  H(q,  z,  k)  denotes  the  corresponding  transformation  function  that  converts  food  inputs 
(q,s),  labor  inputs  (As),  and  fixed  capital  stocks  (k,  capital  stocks  are  considered  fixed  in  the 
short  run)  into  the  non-market  output  vector  z.  The  solution  to  equation  (4.1)  is  the 
household  cost  or  expenditure  function,  C°  =  x  (p,  z;  k),  indicating  the  minimal  short-run 
cost  of  obtaining  given  levels  of  g  nutrients  and  the  number  of  meals  at  given  prices  and 
wages.  The  properties  of  this  cost  function  are  similar  to  those  for  the  consumer  cost 
function  of  traditional  consumer  theory.  It  is  positively  linear  homogeneous,  nondecreasing 
and  concave  in  p,  increasing  in  z  and  nonincreasing  in  k. 

The  shadow  values  of  zh  are  defined  as  (Deaton  and  Muellbauer,  1980): 
xb  =  ?C/czn,   h  =  l,...,g+l.  (4.2) 
The  prominent  advantage  of  utilizing  the  cost  function  to  characterize  the  household's 
transformation  of  market  inputs  into  nonmarket  outputs  is  that  it  can  provide  a  direct  means 
of  imputing  values  to  the  non-market  vector  z.  Therefore,  given  the  estimated  cost  function 
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(4. 1),  shadow  prices  for  various  nutrients  and  the  number  of  meals  consumed  may  be  obtained 
by  simply  differentiating. 

Gven  the  shadow  prices,  the  second-stage  optimization  problem  of  determining  the 
demand  levels  of  various  nutrients  and  the  number  of  meals  can  be  defined: 

m  ax  u  ( z ,  h  c ) 

s.t.  C°=x(p,z;k),  <4-3) 


or  ' 
max  u(z,hc) 

S.t.    C°  =  g(Vz),  <4-4> 


where  u  represents  a  well-defined  utility  function,  he  is  a  vector  of  household  composition 
variables;  x  =  [",,...,  -  ]  is  a  vector  of  the  shadow  prices;  and  C°  is  the  minimized  cost 
of  equation  (4.1)  for  given  p.  Note  that  this  optimization  problem  is  different  from  the 
conventional  budget-constrained  utility  maximization  problem  of  demand  theory  in  the  sense 
that  the  expenditure  constraint  in  this  context  is  a  nonlinear  function  of  t'z.  This  nonlinearity 
of  the  expenditure  of  equation  (4.4)  is  associated  with  the  structure  of  the  household's 
technology.  In  fact,  the  linear  expenditure  constraint  corresponds  to  the  assumption  of 
constant  return  to  scale  (Deaton  and  Muellbauer,  1980).  In  more  general  cases  concerning 
household  technology,  the  nonlinear  budget  constraint  g(x'z)  is  thus  more  appropriate. 

With  the  nonlinearity  of  the  budget  constraint,  the  explicit  solution  to  this  optimization 
problem  is  difficult  to  obtain.  Nevertheless,  given  the  shadow  prices  of  z,  the  implicit  form 
of  solution  to  the  second-stage  optimization  can  be  written  as: 

zh  =  zh(C°'T-hc).     h-  1  (4.5) 

which  states  that  the  demand  for  various  nutrients  and  the  number  of  meals  is  a  function  of 
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food  expenditures  C°,  which  is  determined  by  the  first-stage  optimization,  shadow  prices  of 
z,  t,  and  household  composition,  he.  Therefore,  given  estimated  shadow  values  ths  and 
expenditure,  the  price  and  expenditure  elasticities  for  the  non-market  output  zhs  and  the 
impact  of  individual  household  members  on  the  demand  for  nutrients  can  be  obtained  by 
estimating  the  demand  system  expressed  in  equation  (4.5). 

The  Lancaster's  linear  characteristic  model  used  in  Pitt  (1983)  and  Huang's  (1996) 
studies  is 

max  u(z, he) 

St.    p'q  =  m  (4.6) 
z- Aq, 

where  A  is  the  transformation  matrix  of  elements  ajh  shown  in  equations  (2.12)  and  (2.13) 
in  chapter  2.  The  budget  constraint  can  be  rewritten  as 

p'(A  ",)z  =  x/z  =  m,  (4.7) 
where  p'(A  )  or  x'  can  be  considered  as  shadow  prices  of  z,  and  the  solution  of  the 
maximization  problem  is 

z  =  z(T,m,hc),  (4.8) 
which  is  similar  to  equation  (4.5).  This  linear  characteristic  model  is  a  special  case  of  the 
lower-stage  maximization  problem  of  the  household  production  model  using  a  linear 
homogenous  production  function  and  same  dimensions  of  z  and  q.  The  model  represented 
by  equation  (2.8)  in  Chapter  2  is  a  special  case  of  the  linear  characteristic  model  when  all 
shadow  prices  are  deleted. 

The  hedonic  price  model  is  another  special  case  of  the  lower-stage  maximization 
problem  of  the  household  production  model.  The  first-order  condition  of  the  maximization 
problem, 
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max  u(z) 


s  t   p  q  =  m, 


(4.  9) 


is 


Ecau/azja^Ap,  (410) 

Since  1/A  is  the  marginal  cost  of  utility,  the  shadow  price  is  given  by  th  =  (du  I  dzJ/A  so  that 
we  have 

P,  =  ET>-a 

h 

This  result  is  similar  to  equation  (2.9)  in  Chapter  2. 


h  lh  (4.11) 


Model  Specification 

Since  both  wage  rates  of  meal  preparers  and  labor  inputs  in  meal  preparation  were  not 
reported  in  the  1987-88  NFCS,  the  wage  and  labor  variables  are  deleted  from  p  and  z  in 
equations  (4.1)  through  (4.5).  Given  no  a  priori  knowledge  about  cost  function  C°,  a 
translog  cost  function  is  adopted.  Formally,  this  cost  function  can  be  written  as 

nF  g-1  nF  nF 

»nC  =  «0  +  E  a.lnp;  ♦  £  Phlnzh  +  1  /2£  E  c^lnp.lnpj 

h  '     '    J  (4  12) 

Z  ■  1  g  •  1  nF    g  -  1  V  ' 

+  l'2EEPhJnzlilnzkM/2EEeihlnpilnzh. 

h     k  /i  h 

The  number  of  parameter-,  that  need  to  be  estimated  can  be  reduced  by  imposing  theoretically 
derived  restrictions,  such  as  linear  homogeneity  in  prices  and  wages  (£  a;  =  1 ,  /'  =  1,  .  .  .,  nf., 

i 

E  %  =  0,  V  ij  =  1 . .  .,  nF ;  and  E  elh  =  °.  v  k  h  -  1 , . . .,  g+ 1 )  and  symmetry  of  the  cross- 

j  h 

price,  cross-wage,  and  cross-nutrient  derivatives  ( a...  =  a...  and  P^  =  P^.  (Young's  theorem)). 

Differentiating  equation  (4. 12)  with  respect  to  each  of  the  input  prices  and  applying 
Shephard's  lemma,  factor  budget  share  equations  can  be  derived: 
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ainc 


=  w 


/  =  a,  +  E%lnP/l/C0lhlnzM   i=1  "k-  (4.13) 

where  =  Pj  q,  /  C,  is  the  average  conditional  propensity  of  total  at-home  food  expenditure 
that  may  be  spent  spend  on  input  group  /,  given  the  assumption  of  weak  separability.  Given 
equation  (4. 13),  it  is  now  easier  to  derive  the  adding-up  conditions.  That  is,  the  sum  of  the 
left-hand  side  (LHS)  of  equation  (4. 13),  or  £  w,',  is  known  to  be  one,  and  the  sum  of  the 

i 

RHS,  or  y)a.,  must  be  equal  to  the  sum  of  the  LHS,  one,  if  Ta  .  =  0,  a  =a  .,  and 

1  j 
£  Gih  =  0,  V  i,  j  =  1, .  . .,  nF;  and  VA,  h=  1, . . .,  g+1.  This  demonstrates  that  equations 

h 

(4.12)  and  (4.13)  together  are  governed  by  the  adding-up  condition  --  the  highlight  of  an 
allocation  model.  The  parameters  ct.s,  0As  show  the  effect  of  changes  in  p  and  z  on  factor 
budge!  shares.  If  6ih  equals  zero  V  /,  h,  the  household  production  technology  is  homothetic, 
meaning  that  factor  shares  are  not  affected  by  the  levels  of  various  nutrients  and  the  number 
of  meals  at  constant  input  prices. 

The  elasticity  of  substitution  measures  the  curvature  of  an  isoquant.  More  specificallv, 
the  elasticity  of  substitution  measures  the  percentage  change  in  the  factor  ratio  divided  by  the 
percentage  change  in  the  technical  rate  of  substitution,  with  output  being  fixed.  The  technical 
rate  of  substitution  measures  the  slope  of  an  isoquant.  On  the  other  hand,  the  elasticity  of 
factor  demand,  or  Hicksian  price  elasticity,  measures  the  percentage  change  in  the  use  of  one 
factor  for  a  percentage  change  in  another  factor  price  given  that  the  output  level  is 
unchanged.  The  elasticities  of  substitution  (Uzawa,  1962)  and  Hicksian  own-price  and  cross- 
price  elasticities  of  demand  (Binswanger,  1974)  are  easily  obtained  given  the  share  equation 
(4. 13).  The  elasticities  of  substitution  are 
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°ji=(aii+wi(wi-1))/wi2  and 

o^COij/WiWp  +  l.  (4  14> 

Note  that,  if  a-  =  0,  V      the  elasticity  of  substitution  equals  one.  The  Hicksian  own-price 
and  cross-price  elasticities  of  demand  are 
Ej^OjjW  and 

e.  =  o.w..  (4.15) 
'j     'j  j 

In  addition,  the  shadow  prices  of  the  elements  of  z  can  be  calculated  by  recognizing  that 

czh    <?inzh  zh  k  j  zh  (4.16) 

h=l,...,g  +  l. 

Given  the  estimates  of  ths  from  equation  (4. 16),  the  demand  equations  in  equation 
(4.5)  can  be  estimated.  The  approach  first  requires  estimating  shadow  prices,  based  on 
equation  (4.12).  Generally  speaking,  the  levels  version  of  the  Rotterdam  model  can  be  used 
to  estimate  the  nutrient  demand  system  shown  in  equation  (4.5).  Again,  there  are  zero 
observations  of  household  composition  variables;  therefore,  the  following  demand  relationship 
is  used  in  the  study: 

zh  =  1'o*I>hkV  ^>C  +  ^h2C2-chIAg1+ch2Ag:+ch3Ag3 

/  ,  (4.17) 

+ch4Ag4+ch3Ag5+ch6Ag6+dhH22,    h,k  =  l,.  .,g+l, 

where  C  is  the  at-home  food  expenditure  variable;  Ag,,  Ag2,  Ag3,  Ag4,  Ag5,  and  Ag6 

represent  the  number  of  household  members  aged  from  zero  to  six,  seven  to  1 2,  1 3  to  1 8,  1 9 

to  45,  46  to  60,  and  over  60,  respectively;  and  HZ  denotes  the  variable  of  household  size, 

which  is  the  sum  of  Ag,  through  Ag6.  Note  that  household  composition  variables,  Ag,,..., 

Ag6,  and  HZ2,  compose  he  above.  This  formulation  explains  that  the  amount  of  nutrients 

consumed  is  not  only  a  function  of  the  shadow  prices  of  nutrients  and  food  expenditure  but 
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is  the  set  of  household  composition  variables  as  well.  Note  that  since  all  ths  are  themselves 
functions  of  zh,  the  estimation  of  (4.17),  with  no  consideration  given  to  the  correlation 
between  Ths  and  zhs,  will  result  in  bias.  Therefore,  a  two-stage  estimation,  calculated  using 
an  instrumental  variables  estimator,  provides  consistent  estimates  of  Ths  in  equation  (4.16), 
these  estimates  are  then  used  in  the  estimation  of  (4.17)  (Mendelsohn,  1984). 

According  to  the  demand  theory,  the  own  (shadow)  price  parameters  ij/^s  are 
expected  to  be  negative  (downward-sloping  demand),  and  the  expenditure  parameters  v|fhl  s 
are  expected  to  be  positive  if  all  nutrients  are  normal  goods.  In  addition,  the  demand  for  each 
nutrient  is  assumed  to  be  concave  in  expenditure  (which  means  that  the  demand  function 
(4.17)  is  increasing  at  a  decreasing  rate  as  expenditure  increases);  the  expenditure  squared 
parameters  i|/h,s  are  thus  expected  to  be  negative.  In  addition  to  the  ability  of  calculating  the 
price  and  expenditure  elasticities  of  nutrients,  (4. 17)  also  allows  us  to  explore  the  effects  of 
household  composition  variables  on  nutrient  demand. 

Data 

The  same  data  set  used  in  the  extended  levels  version  of  Rotterdam  model  is  also  used 
to  estimate  the  household  production  model.  The  sample  consists  of  a  total  of  4,155 
observations,  or  households.  Summary  statistics  of  the  data  for  variables  pertaining  to  models 
(4. 12)  and  (4. 13)  are  shown  in  Table  4-1 .  An  average  household  with  2.8 1  persons  consumed 
72.84  pounds  of  food  in  48.37  meals  and  spent  $62.03  on  food  per  week  The  average 
consumption  of  dairy  products,  meats  and  other  protein  source  products,  vegetables  and  fruit, 
grains,  and  all  other  foods  are  20.64,  13.12,  24.24,  5.17,  and  9.67  pounds  per  week  per 
household,  respectively;  their  respective  expenditures  are  $7.63,  $21.40,  $12.62,  $10  19,  and 
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Table  4-1,  The  Means  and  Standard  Errors  of  Variables. 
Variables 


Mean 

Standard  Deviation 

1  UlCU  1  UUU  V^UaJlLll\  ^UUuJlUb^ 

/z.M 

44.92 

i  vnai  rL'LWJ  V-LJllbUIIipilun  Value  ^GOllaXSJ 

oz.Uj 

37.10 

I    <irnrtn\'Hrof  f*c  (  nrome^ 
\—  ai  UUI1\  UJ  alCo  \Kl  ail  lb  ) 

3,645 

Kat^  ann  Oilc  ( err  am c ^ 

1, 1  oO 

1,555 

Prr\t/*inc  /(rrimc^ 
riUltlllb  ^^JaJIlb^ 

i  ,6J>y 

1,079 

Y/ttdTTltTl   I  (  m  i  1  1 1  rrr  "i  m  c  \ 

v  uajiiui  i  ^ruiiiigraLrns ) 

3,1  jo 

2,186 

V  Uaillill  11  ^IlUCrOEXaiTlSJ 

Z  CCS  I 

!>,694 

3,864 

n  th»*T"C  1  rrpomc\ 

riucib  ^^dlTlb^ 

3 1 3 

215 

iviinciais  ^rniiiigrains) 

163,686 

103,230 

iNuiuDcT  oi  rvieai  ccjui\  aient 

48.37 

26.00 

riuubcmjiu  oize 

^  O  1 

2.81 

1  44 

\>udiun\  oi  L/air\  ^pounosj 

20.64 

17.65 

Quantity  of  Meats  (pounds) 

13.12 

10.00 

Quantity  of  Vegetables  and  Fruit  (pounds) 

24.24 

17.38 

Quantity  of  Grains  (pounds) 

5  17 

4.26 

Quantity  of  Others  (pounds) 

9.67 

11.02 

Value  of  Dairy  (dollars) 

763 

6.18 

Value  of  Meats  (dollars) 

21  40 

16  12 

Value  of  Vegetables  and  Fruit  (dollars) 

12.62 

8.75 

Value  of  Grains  (dollars) 

10  19 

8.11 

Value  of  Others  (dollars) 

10.18 

9.68 

Budget  Share  of  Dairy- 

0  125 

0.069 

Budget  Share  of  Meats 

0.339 

0.128 

Budget  Share  of  Vegetables  and  Fruit 

0.212 

0.095 

Budget  Share  of  Grains 

0.165 

0.084 

Budget  Share  of  Others 

0  159 

0.090 

Source:  USDA/ARS  (1994) 
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$10.18.  The  budget  shares  of  these  food  groups  are  0.1 25,  0.339,  0.212,  0.165,  and  0.159, 
respectively.  The  average  household  consumption  of  carbohydrates,  fats  and  oils,  proteins, 
vitamins  I,  vitamins  II,  fibers,  and  minerals  are  5,234  grams,  2, 186  grams,  1,689  grams,  3,136 
milligrams,  5,694  micrograms,  313  grams,  and  165,686  milligrams,  respectively.  There  is  an 
approximate  52-pound  discrepancy  between  the  total  weight  of  nutrients  (about  21  lbs)  and 
the  total  weight  of  food  items  (about  73  lbs).  The  plausible  explanation  is  that  all  food  items 
contain  various  portions  of  water. 

Results 

In  the  household  production  model  ((4.12)  and  (4.13)  together),  the  food  expenditure 
variable  C  is  measured  in  dollars;  p(s  are  input  market  prices  in  dollars  with  /  =  1  for  dairy- 
group,  /  =  2  for  meat  group,  /'  =  3  for  vegetables  and  fruit  group,  /  =  4  for  grain  group,  and 
/  =  5  (=  nF)  for  the  other  group;  zhs  are  the  quantities  of  outputs,  or  nutrients,  with  z,  for 
carbohydrates,  z2  for  fats  and  oils,  z}  for  proteins,  z4  for  vitamin  group  I,  z5  for  vitamin 
group  II,  z6  for  digestible  fibers,  z7  (zg)  for  minerals,  and  zg  (zg_ , )  for  total  food  quantity. 
Note  that  the  nutrient  variables,  h=  1, . . .,  7,  are  the  aggregates  across  five  food  groups; 
they  are  different  from  those  used  in  the  levels  version  of  the  Rotterdam  model.  zhs  are 
defined  in  their  own  units:  carbohydrates,  fats  and  oils,  proteins,  and  digestible  fibers  are  in 
grams:  vitamin  group  I  and  minerals  are  in  milligrams;  and  vitamin  group  II  is  in  micrograms. 

To  correct  for  the  effects  of  the  household  composition  on  food  consumption,  the 
total  quantity  of  food  consumption,  zg. ,  (zg),  is  defined  as  the  number  of  meals  equivalent. 
This  number  includes  (1)  meals  reported  as  eaten  at  home  by  members  (adjusted 
proportionately  with  meals  eaten  away  from  home  to  total  21  meals  in  a  week  to  account  for 
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skipped  meals  and  for  snacks  that  might  substitute  for  or  supplement  meals);  (2)  meals  eaten 
by  guests,  boarders,  roomers,  and  employees;  and  (3)  meal  equivalents  of  refreshment  served 
to  guests  (that  is,  one  or  two  foods  equal  one-fourth  meal;  more  than  two  foods  equal  one- 
half  meal). 

Given  that  the  disturbance  terms  in  models  (4.12)  and  (4. 13)  together  are  seemingly 
unrelated  across  equations;  and  that  this  model  is  an  allocation  model  with  theoretical 
constraints,  such  as  symmetry  and  homogeneity,  the  translog  cost  function  (4.12)  in 
conjunction  with  (nF  -  1),  or  four  share  equations  (4.13),  is  estimated  using  the  iterated 
seemingly  unrelated  regression  or  the  IZEF  procedure  as  in  the  case  of  the  extended  levels 
version  of  the  Rotterdam  model. 

The  translog  cost  function  (4.12)  with  five  food  groups,  seven  nutrients,  and  the  total 
number  of  meals  eaten  at  home  has  91  parameters  after  imposing  the  homogeneity  and  the 
symmetry  conditions.  Results  are  shown  in  Table  4-2.  The  translog  specification  appears  to 
fit  the  data  quite  successfully,  with  59  of  the  91  estimated  parameters  (or  65  percent) 
exceeding  twice  their  associated  standard  errors. 

The  estimated  parameters  of  particular  interest  are  Q^s.  Parameters  6^  for  h  <  1 
indicates  the  effect  of  changes  in  the  hth  nutrient  contained  in  individual  food  groups  on  the 
/th  budget  share,  and  6i8  indicates  the  effect  of  changes  in  the  number  of  meals  equivalent  on 
the  /th  food  group  budget  share.  As  shown  in  Table  4-2,  the  nutrient  parameter  estimates, 
0,hs,  h  <  7,  have  both  positive  and  negative  signs,  indicating  both  substitution  (0ih  <  0)  and 
complementary  (0ih  >  0)  relationships,  and  36  out  of  40  are  significantly  different  from  zero 
at  a  =  0  05  level.  For  example,  the  estimates  indicate  that  budget  shares  of  grains  and  other 
groups  increase  as  carbohydrate  content  in  the  final  goods,  non-market  outputs,  or  nutritional 
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Table  4-2.  The  Translog  Cost  Function  Parameter  Estimates.  

Parameter  Estimate    Standard  Parameter  Estimate    Standard     Parameter    Estimate  Standard 


Error 

Error 

Error 

-8.56218* 

1.35799 

Pi, 

-0.03281 

0.04246 

814 

-0.12929* 

0.00566 

ttl 

-0.97226* 

0.03185 

P„ 

-0.04308* 

0.01779 

8„ 

0.44770* 

0.01260 

H: 

1.65562* 

0.03883 

P* 

0.09595* 

0.02058 

8„ 

0.01778* 

0.00472 

<*3 

0.34374* 

0.03274 

Pa 

-0.09282* 

0.02872 

Bji 

-0.20692* 

0.00883 

a, 

0.04409 

0.03022 

K 

0.01386 

0.01566 

9:: 

0.11935* 

0.00769 

«5" 

-0.07118 

0.04255 

-0.03365 

0.01956 

Q, 

0.72837* 

0.01176 

Pi 

0.18533 

0.21502 

K 

0.00282 

0.01643 

8„ 

-0.02050* 

0.00638 

P: 

-0.29191 

0.18274 

p„ 

0.07956* 

0.03556 

0, 

-0.01356 

0.00814 

P3 

0.29551 

0.32224 

P:8 

0.02231 

0.01490 

8M 

-0.03692* 

0.00692 

P. 

0.05554 

0.16025 

P„ 

0.27374* 

0.06140 

0, 

-0.57170* 

0.01530 

P* 

-0.20138 

0.20161 

-0.07272* 

0.02486 

o:s 

-0.00625 

000554 

P> 

-0.40245* 

0.17766 

Pm 

0.01524 

0.03000 

03, 

-0.08181* 

0.00745 

P: 

1.50927* 

0.48634 

Pm 

-0.04993 

0.02598 

-0.06141* 

0  00651 

P, 

0.03859 

0.15180 

Pr 

-0.08527 

0.06443 

033 

-0.26349* 

0.01002 

a.i 

0.05437* 

000200 

K 

-0.07885* 

0.02339 

0.23133* 

0.00542 

«.2 

-0.02640* 

0.00194 

K 

0.01090 

0.01809 

9M 

-0.07142* 

0.00686 

a,s 

-0.00835* 

0.00164 

P« 

0.04227* 

001738 

036 

0  14713* 

000585 

«M 

-0.01637* 

0.00131 

P« 

0  01158 

0.01354 

03" 

0.08554* 

0.01290 

«»' 

-0.00325* 

0.00131 

P<7 

0.02560 

0.03142 

03. 

-0.01085* 

0  00461 

c;: 

0.14666* 

0.00300 

P« 

-0.00031 

0.01258 

K 

0.22936* 

000692 

-0.06195* 

0.00205 

P., 

-0.07943* 

0.02515 

0.: 

-0.05241* 

0.00605 

<*2< 

-0.04808* 

0.00164 

P., 

-0.00101 

0.01723 

-0.12572* 

0.00927 

-0.01024* 

0  00163 

Ps. 

0.06309 

0.03870 

B„ 

-0.12184* 

000498 

0.09837* 

0.00256 

p„ 

0.00565 

0.01647 

B« 

0.06141* 

000640 

aM 

-0.02580* 

0.00152 

pM 

-0.08030* 

0.01706 

9« 

0.03527* 

0.00545 

«„* 

-0.00228 

0.00147 

P.7 

0.04541 

0.03214 

e, 

-0.02426* 

0.01187 

a« 

0.09515* 

0.00167 

P68 

-0  00222 

0.01321 

e« 

0.00366 

0.00443 

a*,' 

-0.00490* 

0.00121 

P- 

-0.16230 

0.09562 

8,,* 

0.08918* 

000973 

«»' 

0.02067* 

0.00198 

Pn 

0.03994 

002918 

0  09081* 

0.00857 

P.. 

0.02799 

0.03286 

P« 

006503* 

0.01607 

033* 

-0.18331* 

0.01294 

P., 

-0.07341* 

0.02044 

e„ 

-0.02981* 

0.00723 

-0.02405* 

0.00713 

P., 

0.08773* 

0.03161 

9,: 

-0.09635* 

0.00633 

-0.01086 

000900 

Pm 

-0.02546 

0.01784 

B„ 

-0.15585* 

0.00963 

Bh* 

-0.01620* 

0.00758 

P, 

-0.01501 

0.02308 

Bu 

-0.06494* 

0.00522 

Bj;' 

0  06273* 

0.01680 

Ph 

0.07255* 

0.02098 

eM 

0  03443* 

0.00666 

8," 

-0.00434* 

0  00015 

*  Denotes  that  the  parameter  estimate  is  significantly  different  from  zero  at  a  =  0.05  level 
1  Denotes  that  the  estimate  is  derived  from  the  linear  homogeneity  condition 
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contents  in  home-prepared  meals  increases,  while  budget  shares  of  dairy,  meats,  and 
vegetables  and  fruit  as  a  group  decrease  (0,,  =  -0.030,  021  =  -0.207,  03]  =  -0.082,  041  = 
0.229,  0M  =  0.089).  Budget  shares  of  dairy,  vegetables  and  fruit  as  a  group,  and  grains 
decrease  as  the  fat  content  in  the  non-market  outputs  increases,  while  the  budget  shares  of 
meats  and  the  others  groups  increase  (0,2  =-0.096,  022  =0.119,  032  =-0.061,  04,  =-0.052, 
0}2  =  0.091);  and  budget  shares  of  vegetables  and  fruit  as  a  group  and  grains  increase  as  the 
fiber  content  in  the  non-market  outputs  increases,  while  the  budget  shares  of  dairy,  meats  and 
the  others  groups  decrease,  ceteris  paribus  (0,6  =  -0.129,  026  =  -0.037,  036  =  0.147,  QA6 
=  0.035,  0J6  =  -  0.016).  These  findings  are  consistent  with  the  nutritional  nature  of  the  five 
food  groups  considered.  0igs  have  both  positive  and  negative  signs.  The  estimated  0ig  for 
the  dairy  group  is  positive  (0lg  =  0.018),  while  those  for  the  vegetables  and  fruit,  and  other 
groups  are  negative  (01g  =  -0.01 1,  and  058  =  -0.004).  This  result  reflects  the  fact  that  budget 
share  for  dairy  increases  as  the  number  of  meals  consumed  by  the  household  increases,  while, 
assuming  constant  food  prices,  the  budget  shares  of  vegetables  and  fruit  and  the  others  food 
groups  decrease  These  are  reasonable  outcomes  given  that  there  is  a  budget  constraint  and 
that  the  adding-up  condition  needs  to  be  met. 

Both  elasticities  of  substitution  and  elasticities  of  factor  demand,  evaluated  at  the 
means  of  the  budget  shares,  are  reported  in  Table  4-3.  Equation  (4.14)  is  used  to  report  he 
elasticity  estimates  of  substitution  in  Table  4-3.  All  cross-elasticities  of  substitution  are 
positive,  which  reveals  that  all  food  groups  are  complements  to  each  other,  and  own- 
elasticities  of  substitution  are  negative.  These  are  expected  results  given  the  definition  of  the 
elasticity  of  substitution. 
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Table  4-3.  Elasticities  of  Substitution  and  Factor  Price  Elasticities  Calculated 
Data. 


at  Means  of 


Food  Groups 

Doirv 

Meats 

Vee  &  Fruit 

Grains 

Others 

Elasticity  of  Substitution 

Dairy 

0.37500* 

0.68440* 

0.20153* 

0  83612* 

(0.12868) 

(0.04589) 

(0.06213) 

to  nAsQAi 

Meats 

-0.67358* 

0.13991* 

0.13825* 

0  8106"?* 

(0.02611) 

(0.02848) 

(0.02945) 

(0.03016) 

Veg.  &  Fruit 

-1.52752* 
(005669) 

0.26179* 
(0.04345) 

0  9"P71  * 
(0.04351) 

Grains 

-1.56316* 
(0.06169) 

0.81306* 
(0.04613) 

Others 

-4.45966* 
(0.07772) 

Factor  Price  Elasticity 

Dairy 

-0.43897* 

0.12715* 

0  14537* 

0.03316* 

0.13329* 

(0.01603) 

(0.01556) 

(0.01320) 

(0.01055) 

(0.01052) 

Meats 

0.04671* 

-0.22840* 

0.02972* 

0.02275* 

0.12922* 

(0.00572) 

(0.00885) 

(000605) 

(0.00485) 

(0.00481) 

Veg.  &  Fruit 

0.08525* 

0.04744* 

-0.32445* 

0.04307* 

0.14868* 

(0.00774) 

(0.00966) 

(0.01204) 

(0.00715) 

(0.00694) 

Grains 

0.02510* 

0.04688* 

0.05561* 

-0.25720* 

0.12961* 

(000799) 

(0.00999) 

(0.00923) 

(0.01015) 

(0.00735) 

Others 

0.10415* 

0.27487* 

0.19811* 

0.13378* 

-0.71091* 

(0.00822) 

(0.01023) 

(000924) 

(0.00759) 

(0.01239) 

*  Denotes  that  the  estimate  is  significantly  different  from  zero  at  a  =  0  05  level. 
The  values  in  parentheses  are  the  corresponding  standard  errors. 
Veg  is  the  abbreviation  for  vegetables. 
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Elasticity  of  factor  demand  or  the  Hicksian  (compensated)  price  elasticity,  equation 
(4. 1 5),  captures  the  effect  of  a  factor  price  change  in  terms  of  the  percentage  change  in  the 
usage  of  own  or  other  factors  in  production.  In  Table  4-3,  all  own-price  elasticities  of  factor 
demand  have  the  correct  negative  sign  as  expected;  are  significantly  different  from  zero  at  a 
=  0.05  level;  and  are  inelastic;  that  is,  the  demand  of  a  food  group  in  question  will  decrease 
less  proportionately  as  its  price  increases.  All  the  cross-price  elasticity  estimates  are  positive; 
significantly  different  from  zero  at  a  =  0.05  level  and  inelastic,  indicating  there  is  a 
substitution  relationship  for  any  pair  of  food  groups  considered.  In  addition,  an  increase  in 
one  food  price  will  lead  to  an  increase  in  the  use  of  any  other  food  less  proportionately. 

Shadow  prices  for  nutrients  in  the  consumption  of  five  major  food  groups  can  be 
calculated  from  (4.16)  given  the  estimates  of  Ph,  Py.,  and  0ih.  Table  4-4  shows  the  mean 
shadow  prices  of  the  nutrient  variables,  zhs,  i  <  7,  and  of  the  meals  variable,  zg .  The  shadow 
prices  ranged  from  0.02274  for  proteins  to  -0.00019  for  vitamin  II.  The  shadow  price  for 
proteins  is  considered  significantly  different  from  zero  at  a  =  0.05  level;  the  shadow  price  for 
vitamins  C,  B-6,  thiamin,  riboflavin,  and  niacin  as  a  group  or  vitamin  I  is  significantly  different 
from  zero  at  a  =  0. 10  level;  while  the  shadow  price  for  fats  and  oils  is  significantly  different 
from  zero  at  a  =  0.20  level,  implying  that  the  household  does  value  the  factor  of  those  certain 
vitamins  mentioned  above,  proteins,  and  fats  and  oils  in  its  food  consumption.  The  variation 
in  shadow  prices  suggests  that  different  nutrients  cost  different  prices  to  consumers.  In 
general,  consumers  place  the  highest  value  on  proteins  and  the  lowest  value  on  minerals.  The 
negative  value  for  vitamin  group  II  may  imply  that  the  general  public  does  not  recognize  the 
importance  of  folate  and  Vitamin  B-12.  Consequently,  the  sign  for  the  own-price  elasticity 
of  vitamin  group  II  is  positive  (see  Table  4-3). 
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Table  4-4.  Mean  Shadow  Prices  of  Nutrients. 


Nutrients 

Mean 

Standard  Deviation 

Carbohydrates 

0.00147 

0.00129 

Fats  and  oils 

0.00268 

0.00199 

Proteins 

0.02274 

0.00981 

Vitamin  I 

0.00308 

0.00175 

Vitamin  II 

-0.00019 

0.00044 

Fibers 

0.01626 

0.01937 

Minerals 

0.00002 

0.00006 

Number  of  meal  equivalent 

0.00899 

0  06250 
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Recall  that  equation  (4. 1 7)  is  the  nutrient  demand  function  in  the  second  stage  of  the 
household  production  model.  Using  the  least  squares  method  (LS),  the  parameter  estimates 
of  demand  equation  (4. 1 7)  are  reported  in  Table  4-5.  Results  show  that  most  (shadow)  price 
parameters,  all  expenditure  parameters,  and  most  household  composition  parameters  are 
significantly  different  from  zero  at  a  =  0.05  level.  Own  price  parameter  estimates  for  all 
nutrients  have  expected  negative  signs;  an  indication  of  this  is  that,  as  the  prices  of  nutrients 
increase,  consumers  or  households  decrease  their  consumption  of  these  nutrients.  This  result 
is  consistent  with  the  demand  theory.  Most  cross-price  parameters  are  negative,  suggesting 
complementary  relationships  among  nutrients.  The  expenditure  parameter  estimates  of  i|fhl 
and  ij/h2  have  the  correct  signs;  that  is,  the  demand  for  each  individual  nutrient  is  shown  to 
be  concave  (or  increasing  at  decreasing  rate)  in  expenditure.  For  the  first  seven  demand 
equations  of  (4. 17),  the  parameter  estimates  associated  with  household  composition  variables 
Ag, , . . .,  Ag6  are  all  negative  and  almost  all  of  them  are  significantly  different  from  zero  at 
a  -  0.05  level.   On  the  other  hand,  the  finding  is  that  all  the  estimated  parameters  of 
household  composition  variables  in  the  demand  equation  of  the  number  of  meals  are  positive 
and  statistically  significant  at  the  same  a  level.  Since  the  demand  functions  (4.17)  are  not 
linear  functions  in  Aggs,  the  impacts  of  Ag, ,  .  .  .,  Ag6  on  the  nutrient  demand  cannot  simply 
be  judged  by  looking  at  their  associated  parameter  estimates.  These  impacts  will  be  examined 
and  discussed  later. 


The  own-  and  cross-price,  expenditure,  and  meal  equivalent  elasticities  for  nutrients 
(/i=  1  S)are 


own -price  elasticity:  Chh  = 


=  *hA     h=l  8; 

Zu 


h 


(4.18) 
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cros« -price  elasticity:  Chk  =  T^-—  =  t|fhk—,    h,k=l,...,8;  u  i9) 


and 


expenditure  elasticity:  Chc  =  ^-  =  (vJ/hl +2i|fh2C)-,     h=l  8.  (4.20) 

These  own-  and  cross-  price  elasticities  and  expenditure  elasticities  are  calculated  at  sample 
means  and  reported  in  Table  4-6.  Results  in  Table  4-6  show  that  the  (shadow)  own-price 
elasticity  estimates  are  negative  except  those  for  vitamin  II  and  the  number  of  at-home  meals; 
all  cross-price  elasticity  estimates  are  negative,  inelastic,  and  small  in  magnitude;  expenditure 
elasticity  estimates  of  carbohydrates,  proteins,  vitamin  II,  fibers,  minerals,  and  the  number  of 
at-home  meals  are  inelastic  (C1;  =  0.88;  C3c  =  0.93;  C5c  -  0.86;  C6c  =  0.90;  C7c  =  0.96;  C8c 
=  0. 18)  and  the  expenditure  elasticity  estimates  for  fats  and  oils  and  vitamin  I  are  unitarily 
elastic  (       =  1.04;       =  1  00).   The  small  and  inelastic  own-price-nutrient  elasticity 
estimates  indicate  that  consumers  will  strive  for  nutrients  with  little  regard  to  the  costs 
associated  with  them.   The  expenditure  elasticity  estimates  suggest  that  consumers  will 
demand  relatively  more  fats  and  oils  and  vitamin  I  as  compared  to  carbohydrates,  protein, 
vitamin  II,  fiber,  minerals,  and  the  number  of  home-prepared  meals  as  their  incomes  increase. 
The  impacts  of  the  addition  of  a  type  g  household  member,  Agg,  can  be  evaluated  as 


<?Agg 


c^d.HZ,     h=l  S;g=l  6.  (4.21) 


These  impacts  calculated  at  sample  means  of  HZ  are  reported  in  Table  4-7. 


105 


■j 

3 

-3 
a 

u 

y 
W 


e 

to 
o 


3 

M 
U 
v. 

o 


:/ 

U 

■j 
u 

3 

'•5 

3 

u 
a 

-a 
B 

r3 

U 
u 


o 
h 


c 

~a 

>  — i 


^2 


3 


0 

s 


s 

5 
2 


* 

' — < 

♦ 

- — s 

* 

* 

/— * 

» 

* 

* 

* 

 1 

r- 

o 

3> 

-r 

r*l 

rn 

30 

o 

o 

o 

t 

3 

i— 

rs 

-r 

x 

90 

r» 

00 

o\ 

S 

5 

a 

r- 

X 

rs 

•/> 

— 1 

r— 

r- 

r~ 

r~ 

m 

X 

2 

3 

rs 

r— 

-r 

n 

~ 

On 

in 

1/1 

00 

X 

3 

O 

5 

Oi 

o 

30 

O 

x 

3 

On 

3 

d 

3 

3 

d 

d 

d 

d 

d 

d 

d 

d 

3 

3 

r-  ■<*• 

2  2 

3  g 

3  3 

d  O 


l/l  30 

r)  T 

r»l  3 

3  3 

3  3. 


* 

O 

(N 

31 

ts 

1 

(N 

3 

3 

3 

> 

3 

3 

# 

-r 

r*i 

1*1 

> 

3 

# 

X 

3 
</> 

i/l 

O 

<s 

d 

S3 

—  3 

—  3 

3  3 


gg 

i 

i 

u 


n  30 

i/>  c?s 

3  3 

3  3 

3  3 

3  3 


+ 

* 

♦ 

1/1 

o 

i/l 

30 

rs 

3 

rs 

3 

3 

3 

3 

3 

3 
i/l 


3 
3 


IS 

o 


3 
3 


r-  r- 

3  r~ 

ri  ""i 

fs  — 

in  3 

3  3 


(N  3 
3  3 
3  3 


*  ' — -  *  / — ■ 

-r  3  l>  o 

oo  g  r-,  — 

r-  3  rs  — 

3  3  3  3 

O  3  3  3 

d  3  d  3 


r—  — 
-3- 

rs  ~ 

3  3 

3  3 


i/i  rs 
r*l  g 

T  3 


O* 

r-~  30 
3 

i/l  3 

3  3 

3  P. 


2 

■a 


5 


i/i  r— 
O  — 


i/i  m 

CTn  30 

r-~  x 

3  g 

3  3 

3  d. 


*  ^ 

^  3 

i/l  _ 

O  — 

2  S 

3  o 
3  d 


# 

* 

* 

T 

1/1 

m 

30 

1— 

T 

rl 

1/1 

3 

m 

3 

r*i 

rs 

n 

o 

3 

3 

3 

3 

3 

3 

3 

i 

* 

* 

<* 

i/i 

X 

3 

1/1 

O 

r~ 

X 

X 

T 

m 

-r 

n"i 

rj 

r*i 

m 

g 

3 

3 

o 

3 

3 

3 

3 

3 

3 

3 

3 

d 

3 

3 

d 

3 

3 

3 

— * 

* 

* 

30 

<»1 

i/i 

o 

r~ 

r*l 

m 

pn 

n 

3 

r- 

3 

•^r 

3 

3 

3 

3 

3 

3 

3 

X 


3 

^  5 

3  3 


rs  30 
30 

tJ-  30 

rs  g 
—  3 

3  3, 


* 

• 

— - 

* 

* 

* 

r*i 

i/1 

r-i 

O 

r~ 

o 

3 

1/1 

rs 

o 

o 

X 

■* 

X 

X 

3 

T 

g 

u-i 

3 

3> 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 
i 

3 

•  ■ 

3 

So 
o  o 
d  q 


0 

3 
3 
3 


3  O 


30  O 
—  <N 

in 

3 
3 


3  O, 


^  >/l 

rs  r-i 

rs  3 

3  3 

d  d. 


r-i  <N 

<S  r*1 

3  3 

d  9, 


i/i  r- 
ro  3 

3  d, 


l/l  30 

30  2 

o  o 

d  g 


— . 

— .  rs 

^  2 

3  3 

3  O 


*  ^ 

i/l  r*l 

O  ^ 

°  2 

3  3 

3  P_ 


r^  rs 
rs 

—  3 

3  3 

3  3 


3  P. 


»  --^ 

O  r*1 

TJ-  O 

n  >/i 

■*  2 

3  O 

d  p. 


*  /-^ 

r-  3 

O 

00  3 

3  3 

O  3 

O  3 


* 

+ 

. — \ 

* 

^ — ^ 

* 

X 

rs 

-T 

3 

30 

r-~ 

3 

l/l 

3^1 

i/l 

o 

i/i 

X 

3 

O 

rs 

3 

fi 

3 

3 

3 

3 

3 

o 

3 

O 

3 

3 
i 

3 

3 

d 

O 

3 
i 

3_ 

rr i  rs 
—  3 
3  3 


rs 

S  s 

d  3_ 


in  m 

3  3 

3  3 

3  3 


O  x 
in  3 

3  3 


rs 

3 
rj 
3 
3 
3 


* 

 V 

* 

* 

X 

vO 

X 

X 

iy-i 

o 

3 

rs 

r~ 

r- 

in 

r- 

O 

31 

ro 

o 

■* 

3 

X 

O 

3 

3 

3 

3 

3 

O 

3 

3 

3 

d 

3 

d 

d 

g 

3 

i 

*  ' 

v  ' 

r3 
> 

1~.  - 

o 


3 


"3  "3 

'-3  -S 

•a  8. 

V)  V. 

—  i> 

i! 


i  H 

i  i 

s  i. 

13  c 


a  3 

5  > 

q  a 

*  P 


106 


< 


c 

55 

Ml 

< 


< 


y 
id 


U 

3 


X 

* 

1 

X 

os 

X 

- — - 

— 

X 

1/1 

•<* 

'  ' 

< 

c 

0 


re 
'  — 

> 

c 

_o 

'55 
c 
a 
E 
o 

U 

c 
z 

X 

c 


a 


u 
H 

i 


cm 
< 


2 


—  O 

vO  X 
i/i 

O  vO 


f.  fN 
X  o 
<N  r»i 


vS  O 

d  o 
3  -a- 


-  x 

fN 


X  — 

r-i  r>i 
r-  d 


T  X 

O  r*i 
(N 


(N 
i 

♦ 

OS 

— > 
CN 

1/1 

r~ 

1* 

(N 

d 

fN 

i/l 

< 

X 
X 


— 


(NO        X  —  (N 


m  i/i 

(N  00 

(n  d 

1/1  — 


</i  cs 
r*i  — ' 


—  Of. 


*  /-^ 

OS  so 
(N  CN 


* 

* 

* 

m 

X 

ri 

X 

i/l 

n 

3> 

rs 

r*i 

X 

d 

X 

u-i 

X 
1 

fN 

m 

o 


w,  tN 

-3-  OS 


C.  1*1 


CN 


^  (N 

f>  x 
r*1 


* 

(N 
01 

d 


r-' 


r~  x 


00 

in 


-1- 


* 

d  os 


X 


O  ei 

so  o 

—  o< 

ci  o 


*  .—s 

i/l  o 

1/1  — 

d 

X  SO 


O  >/1 


*  /-^ 

X  -t 

so  r- 

r-  ci 


CN  X 

"3-  rN 


x 


X  u-i 


en 


0s  Cs 

(*1  O 

X  rr 

\0  i/l 


I  2 


-r 


*  ^ 

r~  on 
x 

ts  d 

fN  T 

r~  — 

•3-  — 


fN  X 

o  x 


r~  so 
X 

r-i  in 

on  O 


fN  fN 
fN  m 
iri  d 


OS  s0 

o  ^ 


fN  f»1 

r~  tN 
tN  d 


* 

X 


tN 


—  i/l 
m  fN 


■j 

2 


CO  . — . 
>  C3 
-  U 


•->  s 
I  B 

^s  S 

1  I 

0  1/5 

I3  -3 

.2 1 

•J  5 

2  t 

I  s 

51 

1  53 

II 

!« 

fi  u 
B  3 

2  "w 


107 

For  carbohydrates,  on  average,  the  weekly  carbohydrate  intakes  per  household 
increase  by  3 1 9,  442,  and  485  grams  for  an  addition  of  household  member  in  the  age  groups 
1,  2,  and  3  (Ag, ,  Ag2,  and  Ag3),  respectively.  The  average  weekly  fat  and  oil  intakes  per 
household  decrease  as  their  members  increase  for  age  groups  1 ,  5  ( Ag5 ),  and  6  ( Ag6 ).  Given 
the  fact  that  the  older  population  is  relatively  concerned  about  the  cholesterol  levels  in  their 
blood  stream  and  is  cautious  about  fats  and  oils  intake,  this  outcome  is  expected.  As  the 
number  of  members  increases,  the  marginal  weekly  protein  intakes  will  increase  for  all  age 
groups.  This  finding  is  consistent  with  the  notion  that  food  consumption  as  well  as  nutrient 
intakes  increase  as  the  number  of  members  in  a  household  increase.  However,  another  finding 
that  the  weekly  household  consumption  for  vitamin  I  -  that  is,  vitamins  C  and  B-6,  thiamin, 
riboflavin,  and  niacin  as  a  group  decrease  for  an  addition  of  a  household  member  in  groups 
1,  4  ( Ag4),  and  6  --  is  surprising.  The  weekly  household  consumption  for  vitamin  group  II 
will  increase  when  the  numbers  of  members  increase  in  all  age  groups  except  groups  4  and 
6.  Weekly  fiber  intakes  are  found  to  increase  as  the  number  of  members  increase  in  group  5, 
which  is  a  reasonable  outcome.  Weekly  mineral  intakes  are  found  to  increase  for  groups  2 
and  3;  and  to  decrease  for  groups  4,  5,  and  6  as  members  increase  at  margin.  The 
interpretation  might  be  that  people  between  the  ages  of  seven  and  18  usually  eat  home- 
prepared  meals  that  are  more  nutritious  and  balanced;  while  those  aged  from  19  years  of  age 
to  over  60  tend  to  eat  convenience  foods  while  they  are  working  during  the  day,  thus 
consuming  less  balanced  meals.  Finally,  for  the  number  of  meals  equivalent,  the  weekly 
increase  is  17,  13,  12,  13,  14,  and  15  meals  per  household,  respectively,  for  the  six  age  groups 
considered  in  this  study. 
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This  household  production  model  specification  attempts  to  characterize  the 
household's  preference  toward  nutrients  in  food  consumption.  The  household  production 
model  allows  the  calculation  of  the  shadow  prices  (shown  in  Table  4-4)  or  in  fact  the  marginal 
costs  of  obtaining  an  extra  unit  of  individual  nutrients.  These  shadow  price  estimates  can  be 
very  helpful  for  policy  makers  in  terms  of  designing  food-related  programs  to  promote  public 
nutrition.  For  example,  if  the  policy  targets  the  promotion  of  nutritional  quality  in  diet  in 
terms  of  less  fats  and  oils;  and  more  fibers,  vitamins,  and  minerals,  then  a  policy  instrument 
that  can  increase  the  shadow  prices  for  fats  and  oils  and  decrease  the  shadow  prices  for  fibers, 
vitamins,  and  minerals  will  be  desired.  Based  on  the  estimation  of  demand  function  (4.17), 
own-price  elasticities  of  demand  for  the  seven  nutrients  considered  have  correct  negative 
signs  (except  those  for  vitamin  group  II  and  the  meals  equivalent)  and  are  inelastic;  fats  and 
oils  and  vitamin  I  have  unit  expenditure  elasticities,  while  carbohydrates,  proteins,  vitamin  II, 
fibers,  and  minerals  are  necessities.  The  positive  price  elasticity  for  vitamin  group  II  is  a 
result  from  its  negative  shadow  price,  while  the  positive  price  elasticity  for  the  meals 
equivalent  might  stem  in  the  inter-relationship  between  dining-out  and  home  meals,  which  is 
beyond  the  scope  of  this  study  due  to  the  lack  of  available  data  for  dining  out.  Most  cross- 
price  elasticities  of  nutrients  are  negative,  indicating  complementarity.  These  outcomes 
appear  to  be  reasonable  results 

The  household  production  approach  allows  us  to  incorporate  nutrient  factors  into  the 
food  consumption  decision  by  households.  However,  the  cross  effect  between  two  nutrients 
from  different  food  categories  cannot  be  identified  because  nutrient  variables  are  aggregated 
across  all  food  groups  in  this  study.  This  problem  can  be  solved  by  modifying  the  household 
production  model  through  a  more  elaborate  definition  of  variables.    However,  such  an 
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extension  will  lead  to  more  complicated  estimation.  Nevertheless,  a  levels  version  of  the 
Rotterdam  model  can  serve  this  purpose.  One  major  problem  with  the  levels  version  of  the 
Rotterdam  model  is  that  it  cannot  allow  us  to  identify  the  impacts  of  household  composition 
variables  because  of  the  existence  of  zero-value  observations.  Both  models  used  in  this  study 
are  theoretically  derived.  Although  both  models  are  developed  to  explore  the  role  of  nutrients 
in  consumer  food  demand,  they  are  different  in  terms  of  theoretical  backgrounds  or 
philosophy,  and  consequently,  results. 

In  summary,  this  study  explores  the  roles  of  nutrients  in  the  demand  for  food  using 
two  different  approaches.  According  to  the  results  from  both  models,  the  demand  for  various 
nutrients  appears  to  be  a  considerable  factor  in  the  household  demand  for  foods.  The  results 
suggest  that  the  system  approaches  used  in  both  models  are  promising. 


CHAPTER  5 
SUMMARY  AND  CONCLUDING  REMARKS 


In  this  study,  two  different  approaches,  in  the  context  of  the  demand  subsystem,  are 
adapted  to  explore  the  role  of  nutrients  in  consumer  food  demand  patterns.  First,  a  levels 
version  of  the  Rotterdam  model  is  developed  through  the  utility  theory;  that  is,  nutrients  are 
assumed  to  affect  consumer's  utility  and,  in  turn,  food  demand.  The  second  approach  is 
based  on  the  household  production  theory;  that  is,  a  household  is  assumed  to  purchase 
various  food  inputs  in  the  markets  to  produce  the  utility-yielding  non-market  outputs, 
nutrients  and  meals. 

Using  data  from  the  1987-88  NFCS,  food  is  classified  into  five  groups.  Three  to  five 
nutrients  were  examined  in  each  food  group  for  the  levels  version  of  the  Rotterdam  model, 
while  seven  nutrients  in  aggregated  values  were  examined  in  the  household  production  model. 
The  food  groups  are  dairy  (milk,  cheese,  and  yogurt);  meats  and  other  protein  products 
(poultry,  beef,  pork,  seafood,  dry  beans,  and  nuts);  vegetables  and  fruit;  grains  (bread,  pasta, 
rice,  and  cereal);  and  others  (fats  and  oils,  sugar  and  sweets,  and  other  miscellaneous).  The 
nutrients  in  these  five  food  groups  are  carbohydrates;  fats  and  oils;  proteins;  vitamin  I 
(vitamins  B-6  and  C,  thiamin,  riboflavin,  and  niacin);  vitamin  II  (folate  and  vitamin  B-12); 
digestible  fibers;  and  minerals  (calcium,  phosphorus,  magnesium,  iron,  zinc,  copper,  sodium, 
and  potassium).  The  estimation  results  from  both  models  were  reported  in  Chapter  4.  The 
summary,  concluding  remarks,  and  implications  of  both  model  specifications  are  presented 
in  this  chapter. 
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Ill 

Summary 

The  Levels  Version  of  The  Rotterdam  Model 

An  extended  levels  version  of  the  Rotterdam  model  was  derived  under  the  assumption 
that  consumer's  utility  is  a  function  of  both  nutrients  and  the  amount  of  food  consumed.  The 
salient  feature  of  this  specification  is  that  it  allows  nutrients  to  come  into  play  so  as  to 
influence  the  food  prices  perceived  by  consumers  and,  consequently,  to  affect  the  food 
quantities  consumed.  For  example,  excess  fats  in  meats  may  have  a  negative  impact  on  the 
price  of  meat  perceived  by  consumers. 

Results  show  that  most  demand  parameter  estimates  are  significantly  different  from 
zero  at  a  =  0.05  level.  Expenditure  elasticities,  price  elasticities,  and  nutrient  elasticities  are 
consistent  with  expectations.  The  expenditure  elasticity  estimates  indicate  that  the 
consumption  of  dairy  and  grain  groups  increase  more  than  proportionally  as  food  expenditure 
increases;  while  the  consumption  of  meat,  vegetables  and  fruit,  and  others  groups  increase 
less  than  proportionally.  All  compensated  and  uncompensated  own-price  demand  elasticity 
estimates  are  negative,  as  expected,  and  elastic.  According  to  these  own-price  elasticity 
estimates,  all  food  groups  are  very  sensitive  to  their  own  price  changes.  All  compensated  and 
uncompensated  cross-price  demand  elasticity  estimates  are  positive  and  small  in  magnitude 
compared  to  own-price  demand  elasticity  estimates.    The  positive  cross-price  elasticity 
estimates  indicate  that  a  substitution  relationship  exists  between  any  two  of  the  food  groups 
considered.  Positive  and  negative  own-nutrient  elasticity  estimates  were  found  which  might 
be  resulted  from  the  fact  that  consumers  behave  rationally  for  being  nutrition-conscious.  For 
example,  a  consumer  eats  less  meats  because  they  are  rich  in  fats  (the  own-nutrient  elasticity 
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estimate  is  -0.17)  and  more  dairy  products  because  they  are  rich  in  calcium  (a  kind  of  mineral, 
the  own  nutrient  elasticity  estimate  for  minerals  is  3.32).  People  eats  various  foods  at  meals 
in  which  there  exist  complicated  interrelationships  of  various  nutrients.  There  are  positive  and 
negative  cross-nutrient  demand  elasticity  estimates,  implying  that  both  substitution  and 
complementary  relationships  exist  between  nutrients.  For  example,  a  1  percent  increase  in 
protein  content  in  dairy  products  increases  grain  consumption  by  1.12  percent,  while  a  1 
percent  increase  in  mineral  content  in  meats  leads  to  a  decrease  in  grain  consumption  by  1.62 
percent. 

In  this  extended  levels  version  of  the  Rotterdam  model,  the  impact  of  nutrients  on 
food  consumption  can  be  estimated  indirectly  through  the  price  mechanism;  that  is,  nutrients 
influence  consumer's  perception  about  food  prices.  The  results  imply  that  nutritional  contents 
in  meats  (proteins,  fats,  minerals);  vegetables  and  fruit  (carbohydrates,  vitamin  I,  vitamin  II, 
fibers,  and  minerals),  and  grains  (carbohydrates,  vitamin  I,  vitamin  II,  fibers,  and  minerals) 
lower  the  consumer's  perceived  prices  of  these  food  groups,  thus  increasing  their 
consumption.  The  nutritional  contents  (carbohydrates,  fats  and  oils,  and  minerals)  in  the 
other  group  increase  the  consumer's  perceived  price  of  this  food  group,  therefore  decreasing 
their  consumption.  These  results  are  consistent  with  consumer's  rational  behavior. 

The  Household  Production  Model 

Two  optimization  problems  are  solved  in  the  household  production  model.  In  the 
upper  stage,  a  household  was  assumed  to  minimize  its  food  expenditure  for  given  levels  of 
various  nutrients  and  total  food  quantity.  A  translog  cost  function  was  used  to  characterize 
the  household's  production  function  how  the  household  transforms  market  goods  -  different 
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foods,  into  non-market  goods  --  nutrients  and  meals.  In  the  lower  stage,  the  household  was 
then  assumed  to  maximize  its  utility  in  consuming  nutrients  and  meals  subject  to  a  food 
expenditure  constraint.  This  framework  allows  us  to  not  only  examine  the  shadow  prices  of 
nutrients  but  also  the  relationship  between  nutrient  shadow  prices  and  the  demand  for 
nutrients  directly. 

The  translog  cost  function  seems  to  fit  the  data  well,  and  the  shadow  prices  derived 
from  the  cost  function  appear  plausible  in  terms  of  its  elasticities  of  substitution  and  factor 
demands.  Results  show  that  proteins  have  the  highest  shadow  price,  followed  by  fibers, 
vitamin  I,  fats  and  oils,  carbohydrates,  and  minerals.  A  negative  shadow  price  was  found  for 
folate  and  vitamin  B-12  that  may  indicate  the  general  public  does  not  recognize  the 
importance  of  these  minerals.  However,  this  finding  is  inconsistent  with  the  findings  of  the 
levels  version  of  the  Rotterdam  model.  In  the  Rotterdam  model,  folate  and  vitamin  B-12  are 
found  to  be  valuable,  thus  decreasing  the  perceived  prices  for  vegetables  and  fruit  and  grains 
and,  consequently,  increasing  consumption  of  vegetables  and  fruit.  The  discrepancy  could 
be  attributed  to  the  definitions  of  these  variables  in  the  two  models.  In  the  levels  version  of 
the  Rotterdam  model,  nutrients  are  food-group  specific,  but  in  the  household  production 
model,  nutrients  are  aggregated  across  all  five  food  groups.  In  order  to  compare  the  results 
from  these  two  models  regarding  this  issue,  more  elaborate  definitions  of  nutrients  variables 
in  the  household  production  model  are  needed.  However,  this  will  increase  the  number  of 
parameters  tremendously,  causing  difficulty  in  the  interpretation  of  estimates. 

In  the  lower  stage  of  the  maximization  problem,  the  demand  for  nutrients  was 
assumed  as  a  function  of  shadow  prices,  total  food  expenditure,  and  household  composition. 
Results  show  that  the  own-price  (shadow)  elasticity  estimates  are  negative,  except  those  for 
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folate  and  vitamin  B-12  and  the  number  of  meals  eaten  at  home.  Most  cross-price  elasticity 
estimates  are  negative,  inelastic,  and  small  in  magnitude;  expenditure  elasticity  estimates  of 
carbohydrates,  proteins,  folate  and  vitamin  B-12,  fibers,  minerals,  and  the  number  of  at-home 
meals  are  inelastic;  and  the  expenditure  elasticity  estimates  for  fats  and  oils  and  vitamin  I 
(vitamins  C  and  B-6,  thiamin,  riboflavin,  and  niacin)  are  close  to  one.  The  expenditure 
elasticity  estimates  suggest  that,  when  at-home  food  expenditures  increase,  consumers 
allocate  approximately  an  unchanged  fraction  of  the  food  budget  to  the  consumption  of  fats 
and  oils  and  vitamin  I  and  less  to  carbohydrates,  proteins,  vitamin  II,  fibers,  minerals,  and  the 
number  of  home-prepared  meals. 

Given  the  specification  of  demand  functions  for  nutrients  in  the  lower  stage  of  the 
household  production  model,  researchers  can  investigate  the  impact  of  household  composition 
variables  on  the  consumption  of  nutrients.  These  impacts  are  reported  in  Table  4-11;  most 
of  the  findings  are  reasonable.  For  example,  the  average  weekly  fat  and  oil  intake  per 
household  decreases  for  the  addition  of  a  household  member  in  age  groups  1  (zero  to  six), 
5  (46  to  60)  and  6  (over  60);  this  finding  is  consistent  with  the  fact  that  the  older  population 
is  relatively  concerned  about  the  cholesterol  levels  in  their  blood  streams  and  is  thus  cautious 
about  fat  and  oil  intake.  The  marginal  weekly  protein  intakes  will  increase  for  all  age  groups 
as  the  number  of  group  members  increases;  this  finding  is  consistent  with  the  notion  that  food 
consumption  and  nutrient  intakes  increase  as  the  number  of  members  in  a  household 
increases.  Fibers  increase  with  the  addition  of  a  household  member  in  age  group  5,  which  is 
a  reasonable  outcome.  The  weekly  number  of  meals  increase  for  all  age  groups  considered 
in  this  study  as  the  number  of  group  members  increases;  this  is  also  consistent  with  the  notion 
that  more  meals  will  be  consumed  as  the  number  of  group  members  increases.  However,  the 
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finding  that  the  consumption  for  vitamin  I  (vitamins  C,  and  B-6,  thiamin,  riboflavin,  and  niacin 
as  a  group),  decreases  with  the  addition  of  a  household  member  in  age  groups  1  and  4  (19  to 
45)  is  a  surprise. 

Concluding  Remarks 

The  findings  of  both  approaches  support  the  argument  that  nutrients  play  an  important 
role  in  consumer's  demand  for  food.  The  results  show  the  sub-demand  system  approaches 
that  were  used  to  be  promising.  In  the  levels  version  of  the  Rotterdam  model,  more  than  half 
of  the  own-nutrient  elasticities  have  positive  signs,  while  in  the  household  production  model, 
most  price-nutrient  elasticities  are  negative.  These  are  expected  outcomes. 

However,  both  specifications  have  their  own  shortcomings.  The  major  problem 
associated  with  the  levels  version  of  the  Rotterdam  model  is  that  the  impacts  of  household 
composition  can  not  be  easily  assessed  because  of  zero-value  observations.  The  drawback 
of  the  household  production  model  is  that  the  cross-effect  between  nutrients  from  different 
sources  cannot  be  identified  because  all  nutrients  are  aggregated  across  food  groups. 
Nevertheless,  this  drawback  can  be  voided  in  the  levels  version  of  the  Rotterdam  model,  or 
a  more  detailed  specification  in  the  household  production  model  can  be  used  to  solve  this 
problem.  The  latter  solution  would  lead  to  a  dramatic  increase  in  the  number  of  parameters 
that  need  to  be  estimated  and  would  also  cause  interpretation  difficulties. 

In  order  to  fully  understand  the  role  of  nutrients  in  the  demand  for  food,  more 
nutrients  must  to  be  included  in  both  models.  To  include  more  nutrient  variables  in  the 
analysis,  it  is  necessary  to  find  means  by  which  the  zero-value  observation  problem  may  be 
overcome.  For  example,  the  other  food  group  used  in  this  study  is  defined  as  the  sum  of  three 
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food  groups  -  fats  and  oils,  sugar  and  sweets,  and  miscellaneous  -  because  there  are  too 
many  zero-value  observations  and  nutrients  are  not  consumed  in  the  three  individual 
categories.  Statistical  methods,  such  as  the  ones  developed  by  Lee  and  Pitt  ( 1 986)  and  Wales 
and  Woodland  (1983),  offer  solutions  to  systems  with  specific  utility  functions  and  a  limited 
number  of  demand  equations.  These  statistical  methods  limit  the  ability  for  researchers  who 
want  to  study  the  demand  for  the  basic  food  groups.  Until  more  efficient  statistical  methods 
are  developed,  the  ability  to  incorporate  more  food  groups  and  more  nutrients  in  food  demand 
analyses  seem  to  be  limited. 

Implications 

As  mentioned  in  the  introduction,  there  are  many  promotional  activity  programs  in 
which  nutritional  attributes  are  the  major  theme.  All  these  promotional  activities  are  intended 
to  change  consumers'  perceptions  and  awareness  of  nutritional  contents  in  the  food 
commodities  in  question  so  that  they  will  increase  their  consumption  of  those  food 
commodities. 

With  the  levels  version  of  the  Rotterdam  model,  nutrients  affect  food  consumption 
through  "perceived  prices."  That  is,  "good"  nutrients  lower  perceived  price  and  increase  the 
consumption  of  the  food  group  in  question  and  vice  versa.  According  to  the  estimated  impact 
of  own-nutrient  shown  in  Table  4-5,  some  implication  can  be  made  in  addressing  nutrition 
education  and  health  promotion  programs.  For  example,  if  the  goal  of  a  policy  is  to  increase 
the  consumption  of  vegetables  and  fruit,  then  it  can  be  accomplished  by  a  nutrition  education 
program  that  emphasizes  the  importance  of  fibers,  folate  and  vitamin  B-12,  and  minerals  and 
provides  information  about  the  nutritional  contents  of  vegetables  and  fruit.  Or  if  the  goal  of 
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a  policy  is  to  decrease  the  consumption  of  "bad"  cholesterol  in  people's  diets,  then  nutrition 
education  programs  can  be  designed  to  provide  information  such  as  the  health  risk  involved 
with  the  consumption  of  fats  and  oils.  Or  if  the  goal  is  to  increase  the  consumption  of 
vegetables  and  fruit  while  at  the  same  time  decreasing  meat  consumption,  then  nutrition 
education  can  be  focused  on  the  importance  of  vitamin  II,  fibers  and  minerals,  and  the  adverse 
health  impact  of  fats. 

On  the  other  hand,  the  household  production  model  allows  us  to  calculate  the  shadow 
prices  of  nutrients.  These  estimates  suggest  that  nutrients  cost  different  prices  to  consumers; 
proteins  cost  the  most;  and  minerals  cost  the  least.  These  shadow  price  estimates  can  be  very 
useful  when  designing  food-related  policy.  For  example,  if  the  goal  of  the  policy  is  to 
promote  a  nutritious  and  balanced  diet,  then  programs  designed  to  influence  the  shadow 
prices  for  nutrients  may  be  appropriate  such  as  nutrition  education  programs  and  promotional 
activity  programs  may  be  appropriate.  Both  types  of  programs  provide  consumers  with 
knowledge  about  various  nutrients  that  may  change  their  perceptions  of  nutrients,  then  alter 
their  shadow  or  implicit  prices  of  nutrients,  and  finally  change  their  food  budget  allocations 
for  various  nutrients. 

Understanding  the  factors  that  influence  food  choices  and  particularly  how  nutrients 
affect  them  is  critical  to  food  policy.  This  study  explores  the  insights  of  how  nutrients 
influence  food  demand  and  suggests  that  both  nutrition  education  and  promotional  activity 
programs  serve  as  policy  instruments.  Food  choices  affect  not  only  consumers'  health  but 
also  economy,  agricultural  production,  the  balance  of  trade,  employment  in  the  food  sector, 
and  the  success  of  many  companies.  In  other  words,  consumers  play  the  key  role  in  linking 
the  provision  of  food  by  the  agricultural  sector  to  the  ultimate  nutritional  well-being  of  the 
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population.  With  the  conclusion  that  consumers  or  households  do  consider  nutritional 
contents  as  they  consume  food  and  given  the  fact  that  Americans,  on  the  average,  do  not 
maintain  healthy  diets,  the  results  from  this  study  are  useful  in  targeting  nutrition  education 
and  health  promotion  activities  and  can  provide  the  basis  for  the  development  of  a  variety  of 
additional  tools,  thus  promoting  the  nutritional  well-being  of  the  population. 
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